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aerodynamic loads exerted to the control surfaces, due to low speeds encountered in this
type of flying, and the modest wing loading on these aircraft, the mechanical resistance
found in the transmission’s linkages should not mask the reactions to the controls and
prevent the pilot from “feeling” the aircraft at all times.  Since the various linkages must
be mechanically sound, it is necessary to reduce to the minimum all the possible friction
causing apparatus such as pulleys, levers and elbows.

The simpler the transmission the better it works.  The development of the aircraft’s
structure and the development of its various controls should be carried out
simultaneously, and if necessary, adapt the aircraft’s design to the design of the controls,
not the other way around.  If it’s necessary, in the end, it may be more convenient to
design a more complex fuselage section, in order to facilitate the implementation of the
control assemblies, rather than doing it the other way around.

Let us briefly point out the most common methods in use to control the movable surfaces.
The ailerons, elevators, and rudder, are controlled by the pilot via linkages that may be
made up of cables, rods or a combination of both.

The Control Stick.  The ailerons are activated with a lateral movement of the control
stick, while a longitudinal movement controls the elevators.  The rudder is controlled
with the pedals.  In most gliders and powered aircraft, the stick movements are
transmitted to the control surfaces with steel cables.
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Figure 7-17

In high-performance gliders, the use of solid rods is becoming acceptable, these give a
better feel to the pilot because of the low friction.   These types of controls, though, are
expensive and present fussier tune-ups. For these reasons, the cable method is more
popular.  The diagram on Figure 7-17, shows the most common method used for the
transmission of movements by cables.
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The control stick A is hinged at F on a supporting bracket S which in turn is fixed to rod
B that liberally rotates on bearings C-C.  The control stick rotates at F in a longitudinal
plane, and it extends beneath as a lever to which at point B the control cable for the
stabilizer is connected.  From here, one end of the cable (1),  goes directly to the upper
stabilizer lever, the other end (2) through a pulley situated in front of the control stick,
returns and is attached to the lower stabilizer lever.

Pulling the bar backwards, the connection E moves to E’ pulling on the control cable (1)
and the stabilizer moves up.  The aircraft pitches up.  On the contrary, if the control stick
is pushed forward, the pull is now on the cable (2), the stabilizer moves down and the
aircraft pitches down.
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Figure 7-19

The control to the ailerons is obtained through a lateral movement of the control stick,
which in turn rotates rod B.   On rod B there are attached two levers L, and attached to
them there are two rods T that transmit the movement via a three-arm lever to a cabling
system connected to the ailerons.
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The three-arm lever is fixed to a wing longeron.  By disconnecting the lever T from it, it
allows the disassembling of the wings.  In standard gliders the radius of the lever is kept
between 80-120 mm.  If space is not a concern, it is better to adopt the larger radius in
order to reduce the system resistance.

Pedals.  The pedal system in gliders is different from the ones used in powered aircraft.
In powered aircraft, the rudder movement is achieved by the longitudinal movement of
the pilot’s leg. This rotates a bar around a vertical support or the footboard moves entirely
forward.
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In gliders, in order to diminish pilot fatigue, due to occasionally lengthy flights, and also
because the forces required in the controls are not that big, the command is achieved by
the rotation of the pilot’s foot by pressing the pedal with the toes; the pedal is pivoted at
the bottom, and the foot rests on it.

Figure 7-21

On the pedal above the rotational axis are attached the control cables that run to two
levers connected to the rudder.  Behind the pedal there are springs for proper tensioning
of the cables.

The diagram on Figure 7-22 shows the location of the controls, the levers, and the
distribution of cables as generally used in gliders.

Figure 7-22
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46.  Options
Spoilers.  For years now, the use of spoilers has become essential.  By design, they are
generally flat surfaces, that when deployed by the pilot they open in a position
perpendicular to the wing’s surface.
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Figure 7-23

Their purpose is that of  disturbing or spoiling the airflow over the wings surface, thus
their name.  This causes a loss of  lift, therefore a decrease in efficiency and speed.   This
is a must for landing to reduce the landing roll especially in forced landings, situations
that are very frequent in soaring.  Spoilers are always placed on the dorsal side of the
wing to get the maximum disturbance effect.

It is obvious that their size is related to the characteristics of the glider they are installed
on. It is recommended, though, not to oversize them in order to increase their efficiency,
because their deployment would require too much force.  Their location should be such
that once deployed their effect does not pose interference with other control surfaces and
cause unwanted vibration, that,  even if not dangerous definitely not welcomed.

With the increased popularity of the sport and its extreme ranges, such as flying into
thunderstorms as well as into clouds, it has become necessary to be able to reduce the
maximum achievable speed when in a dive. One may find himself in a situation,
sometimes unavoidable, or without knowledge, where dangerous speeds are reached that
could even compromise the integrity of the aircraft.

The thinking of limiting the maximum speed in a dive, increasing the aerodynamic drag,
by designing oversized spoilers was entertained.  (We have shown previously by a
numeric example how to calculate the surface size of such air brakes.)

But in order not to exert an excessive strain when deploying such a large surface,
designers have decided on dividing the calculated surface in two, locating one on the
upper side of the wing and one on the lower side.  The two sections are connected in such
a way that the deployment of one is aerodynamically compensated by the other. In fact,
the resistance encountered on the deployment of the upper spoiler is balanced by the wind
assisted opening of the lower spoiler.
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The use of a double spoiler systems has become widespread in the soaring.  Their duty is
twofold: Lessen the aircraft efficiency and descending speed, and bring the maximum
speed attainable within the safety values of the aircraft structure.   The speed with the
double spoiler deployed in modern gliders is within the 200 and 250 km/h.

Towing hooks.  In the first chapter, we discussed the various methods used in the towing
gliders.  These  methods may be divided in two distinct categories: ground tow (elastic
cable, winch, towing car) and towing in flight by aircraft.

The hooks, and their location on the aircraft, have to be consistent with the particular
method used in towing.  In the ground tow, the aircraft trajectory is sloped upwards in
order to reach elevation quickly.  In this condition it is necessary to place the hook much
lower than the center of gravity and not too much forward of it.

Also the release has to happen automatically at the very end of the pull.  For these
reasons the hook employed in such systems has to be located under the front ski and has
to be of the open type.

To prevent premature cable release, due to the higher inclination the glider presents in
relation to the pulling cable, it is necessary for the hook to have an angle of
approximately 25° from its vertical when the glider is in straight attitude.

For flight towing, the glider is usually slightly higher than the towing plane: therefore the
hook should be just a little lower than the center of gravity but as forward as possible.

It is important to note that when towing this way, the towing cable is not always under
tension. At times, due to different flight conditions between the  two aircrafts, some
caused by external effects, or caused by pilot’s inexperience, it may happen that the cable
slacks.      It is understandable then, that, to prevent premature release, the hook cannot be
of the open type, but closed with pilot control on its opening.
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Figure 7-25

The two type of hooks are shown in Figure 7-25.  In most gliders both types of hooks are
installed in order to accommodate the use of either system.
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Chapter 8
Aircraft Design

In this chapter we will try to offer some comments about the design of the aircraft and its
components, and in particular the geometric section of these elements.  And in the design
process, we have to constantly be aware of the construction demands.  For instance, when
designing the wings and fuselage, it is done in such a way that the various components
may be developed into surfaces that are straight and flat.  Since these will be covered
with plywood, we know that plywood does not adapt well to shapes that have double
curvature.  Only a slight amount of shaping is permissible, but even this requires very
specialized work.

47. Wing Design
For simplicity of construction, it is preferable that the design be made with straight
outlines except for the tip.  Here, for aerodynamic reasons as well as for aesthetics, the
contours will be curved.  To lay out these wing tip curves, which are also used in the tail
section, the most practical method is to draw a parabola by using tangent lines.

Generally the curves of the wing tips and tail section are drawn on paper to scale and
free-handed.  The difficulties arise when the same curves have been reproduced in the
construction stage.  Even in the case of a simple curve like a circular arc, drawn simply
with a compass at the design stage, we realize the task may well be difficult, not to
mention the difficulties encountered when trying to use other irregular curves.  Laying
out of parabolic lines by tangent lines is, however, practical and the reproduction at any
scale is feasible, therefore it is possible to get harmonious and very pleasing curves.
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Figure 8-1

Let’s look at, for example, the outline of a wing tip.  The first step is to design a square
wing, like the line AB in Figure 8-1.  On the leading edge, a point C is selected at a
distance of about one half the length of AB.  On the trailing edge, a point D is selected at
a distance of about 1.2 times the length of AB.  A third point E  is chosen at the
intersection of the line AB with the spar axis.  Points C, E, and D are the tangent points of
the curve that will be drawn from the leading edge, to the wing tip, and to the trailing
edge.
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To draw the curve, we must first divide the segments CA and AE into equal parts, in our
example six, and these points are then joined as we can clearly see in Figure 8-2.  If we
draw a curve tangent to all of these lines, these will result in a parabolic arc.  The
operation is repeated for points E, B, and D.  For design simplicity, points C and D are
made to correspond to the wing ribs, or at a distance from A and B of an integer value.
Point E, as we mentioned, can be on the axis of the spar.  It is possible that the points C,
E, and D, following the first design, may be adjusted in order to give a more pleasing
curve to the eye.  It may take a few attempts to find the right location that gives the best
results.  The tail section and even the fuselage may be drawn using the same methods.

48. Design of Wing Airfoil
In the design of the wing, the airfoil is of fundamental importance.

Wing with constant chord.  In a wing where the airfoil is kept constant throughout the
full span, the design of the various airfoil sections is relatively simple.  A section of
Chapter 6 Applied Aerodynamics is dedicated to the design of the proper airfoils.  [The
tables of the 1946-era airfoils are omitted here.]  In each table, there are three columns of
numbers: X, Ys and Yi, and these values relate to a unit length of the airfoil.  In other
words, they are percent values of the airfoil length.

0 5 10 20 30 40 50 60 70 80 90 100
Y Ys i

Y

X

Figure 8-3

The X-values are the horizontal distance (abscissa) and the Y-values are the vertical
distances (ordinate).  The length of the airfoil is subdivided into ten parts, and the first
part is again subdivided into five to six parts in order to obtain greater precision near the
leading edge.  We have, therefore, values of X at 1.25% to 2.5%…10% to 20%…100%.
From these points we draw perpendicular lines, and on these we trace the values for Ys
and Yi, (Figure 8-3).  By connecting the newly found points, we obtain the shape of the
airfoil.   To determine the values for X, Ys and Yi for a particular length, all we have to do
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is multiply the values found on the table by the desired length and divide by 100.  This
way we can obtain the proper airfoils in relation to their length.

Wing with varying airfoil and angle of incidence.  As we have seen, the wings of
gliders rarely are of constant airfoils, and they vary from section to section.  At the
fuselage, for reason of construction, the airfoils are thick and designed for greater lift,
while at the tips, for increased efficiency and stability, the airfoils are much thinner and
may even be at a negative incidence angle in respect to the sections near the fuselage.

If we are given the two fundamental airfoils, we can design the intermediate ones.  Only
wings with a linear sweep will be considered, this way, the airfoil variation will be linear,
and this linear variation can be determined either analytically or graphically.

Graphic Method.  On an horizontal reference line T, we trace the location of the ribs in a
selected scale (1:10, 1:5).  If A and B are the location of the ribs at the extremes, which
have a known airfoil, we mark on them the upper, Ys, and lower Yi, values for a chosen
percentage of the chord, let’s say 30%.  We connect these points with a line.
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Figure 8-4

The intersection of this line with the previously traced lines representing the ribs location,
will give the upper and lower values of all the intermediate ribs at that particular
percentage of chord.  The schematic seen on Figure 8-5 show this type of construction.
Repeating this operation for all the percentage on X, we’ll have all the required values for
all the intermediate ribs.

Since the process has to be repeated a number of times, (usually 14), if we continue the
use of the same line T to generate the expected values, a lot of these will be too close
together and even coincide, making the operation very difficult and cumbersome.
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In order to eliminate this, and the possibility of errors, the design will have to be repeated
separately for every percentage value.  We understand how long and laborious the
operation will become.

For this reason and also for the poor precision expected from the graphic method, it is
preferable to calculate the required values by means of the analytical method.

Analytical Method.  Let us consider again the airfoils A and B and the intermediate
airfoils 2-3-4.  At each percentage value of X, (30% for instance), we find the difference
between the value of A and the value of B.  Dividing this difference by the number of ribs
less one, which is the same as the number of spaces between the ribs, we find the
difference in value that exists between adjacent ribs.  This is only true if the distance
between the ribs remains constant, if not a difference may be calculated proportionally.
Adding this difference to the value of rib B, or subtracting this difference from the value
of rib A, the same amount of times that there are spaces, we obtain the value for each
intermediate rib.

Example.  Let’s use a practical example to better understand the principle.  Let us
consider the upper value Ys at 20% of the chord.  For A, Ys = 40mm.  For B, Ys = 20mm.
The difference between the two is 40 – 20 = 20mm.

This divided by the number of spaces, four in our case, gives us the increment between
two adjacent ribs:

20 / 4 = 5mm

Adding to the value B or subtracting from the value A we have the values for ribs 2-3-4:

Ys  for B = 20 mm
Ys  for 4 = 25 mm
Ys  for 3 = 30 mm
Ys  for 2 = 35 mm
Ys  for A = 40 mm

To verify we see that the value of Ys for A = 40mm.  With the same procedure we obtain
all the other required value at all the percentages of the chord.

49. Wing Twist and the Wing Reference Plane
We have seen how to obtain the various airfoils of the intermediate ribs between the root
and tip ribs, but we have done this without consideration of their relative orientation to
each other, created by the twist in the wing.
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Figure 8-6

For the proper wing construction, we need to have the exact orientation of each airfoil in
relation to the other.  It is useful therefore to refer to each airfoil, not to its chord, but to a
common plane that we call the wing reference plane.

This arbitrary selected plane is chosen outside the wing.  This is done in order to keep all
the dimensions of the various airfoils positive, and thus to simplify the calculations.

d
wing reference plane

Figure 8-7

To obtain the desired twist, generally, the airfoil sections are rotated around their leading
edge so the leading edge remains straight.

d = 150
wing reference plane

150

leading edge

Figure 8-8

The wing reference plane is generally fixed at a distance of 15-20 cm below the leading
edge.

The airfoils for the wing root and tip are drawn in reference to their chord or tangent
depending on the type of airfoil table used.

It is now necessary to refer to the angle of incidence of the wing in relation to the
fuselage axis.
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For this we draw a horizontal reference line at a distance from the leading edge by the
same amount of the earlier chosen distance to the wing reference plane, and at an angle
equal to the angle of incidence.

To clarify this let’s use an example.

Let the wing reference plane be parallel and at a distance of 150 mm from the leading
edge.  Let the wing twist be –5 degrees, and the angle of incidence of the wing in relation
to the fuselage be 3 degrees.  The airfoil at the wing tip will then be –2 degrees in relation
to the fuselage.

wing reference plane

Ys

Ys
Yi

Yi

relative to chord line
relative to wing reference plane

wing reference plane

chord

chord

150

150

–2°

+3°

Figure 8-9

Having drawn the basic airfoil in relation to its chord, we trace a horizontal reference line
at a distance from the leading edge of 150mm and having an inclination of 3 degrees at
the fuselage and –2 degrees at the wing tip.

We reference all of the airfoil data to this line.

We then trace from each point of division of the chord lines perpendicular to the
horizontal reference line.  On this line, we read the Ys and Yi values of the airfoil in
relation to the horizontal reference line.

The basic airfoils are therefore then defined by the exact points.

For the basic linear variation between them we proceed as we seen earlier.  The
intermediate airfoils will all be referred to the wing reference plane with an angle of
incidence based on the wing twist.

Virtual and Real Airfoil for the Wing Tip.  Up to now we have only considered a
straight wing all the way to its tip.  We know that the wing tips are rounded for
aerodynamic reasons as well as for aesthetic design, and we have already seen how these
curves are designed.
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We will now look at how the airfoils in this region have to be modified.

The values Ys and Yi of these airfoils need to be multiplied by the ratio of the real and
virtual chords.  This ratio that will diminish towards the tip, and it will always be less
than one.
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Section A-A

real airfoil

virtual airfoil

Figure 8-11

We thus obtain airfoils with the chord, thickness and angle of incidence desired, but
closer to the wing reference plane.  The leading edge therefore in this region is no longer
straight.  We need to adjust this distance back to the original distance.  To do this all that
is required is to add to the values Ys and Yi the difference h found between the leading
edges of the virtual and real airfoils.

50. Fuselage Design
Having approximately designed both the top and side views of the fuselage at the
beginning of the project, we should now sort out the shape of the various sections
required for construction.  Having fixed the fundamental shape, considering all the space
needed by accessories, it is now the time to proceed with the streamlining of the fuselage,
in other words to design a fuselage that is aerodynamic and still compatible with the
construction requirements.

We should first explain the process of streamlining.  If we consider a body of
revolution—a body obtained by rotating a curved line around an axis—its sections will
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be circles.  In a case like this, it will be sufficient for the single generating line to be
streamlined in order for the entire body to be streamlined.
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Figure 8-12

Similarly, a body whose sections are of any shape but similar to each other, and aligned
on a common straight axis passing through a fixed point in each section, the body will be
streamlined if any of the generating lines are streamlined.

Therefore a fuselage of an elliptic shape, where the ratio of the axis of the ellipses of the
various sections is constant, and these ellipses are aligned on an axis drawn through a
characteristic point to them (for example one of the foci, or its center) will be streamlined
as long as any of the parameters, such as one axis, is streamlined.  The same stands true
for a fuselage of rectangular shape, where there is a constant ratio between the two sides
and where the sections are aligned at the intersection of the diagonals.

Generally though, the various sections are not similar and the ratio of the axis of the
ellipses or the sides of the rectangular are not constant.  Also the line to which the
sections are referred to is not linear, but curved downwards, like in the front part of the
fuselage.

In such cases, is no longer sufficient that only one of the parameters, like a generating
line, to be streamlined.  We have to verify the streamlining of different parameters and of
the sum and the ratio on all of them.

In practice, this type of design work is accomplished in this manner:  First the top and
side views of the fuselage are drawn, taking into account all the necessary space
requirements. Then the fundamental shape of the cross-section and the longitudinal
variation is fixed.  Then a simple solid body of the desired shape is defined, where its
sections are geometrically determined.  To this base body, other simple shaped bodies,
for cockpit, wing connections, etc., are superimposed.
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Thus having outlined the fuselage, that is, having defined the various parameters, width
L, and the various heights, relative to a common base line or ground plane, we now
proceed with their streamlining.

We verify the process by means of a design trick, where the curves are exaggerated.
Thus, we design the fuselage with a scale of 1:10 longitudinally and 1:4 or 1:5
transversally.
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In any case the ratio between the two scales will be adopted on a case-by-case scenario,
according to the particulars of the design.  Generally, these curves will exaggerate any
irregularity or errors in the data points, and corrections will then be made.

We will return to the design of the sections, once more, with these corrected values, to
check that we are still meeting the necessary requirements of space and aerodynamics.
The same streamlined design of the various parameters will also serve to extract the
changing dimensions  for the outline of the cross-sections of the fuselage itself.

Streamlining of fuselages when the sections are not geometrically defined.  When the
sections of a fuselage are not geometrically defined, a streamline study is no longer
possible since the required parameters are missing.
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We then turn to the water line concept, so called because of its extensive use in boat
design and construction.
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B B

Section A-A

Section B-B

Figure 8-15

This consists in slicing off parallel sections of the body under study, and verifying that
the intersection shape is streamlined.

It’s not necessary for the sections to be aerodynamic, as in the case of Section A-A,
because the laminar flow around the body is not parallel to the axis.

Design of the Sections. We have seen that the easiest method of streamlining the
fuselage is achieved when the shape of its sections are geometrically identifiable.  We are
not going to describe all the various sections employed in fuselage design, since the
designer will adopt the best suited design for the requirements at hand and based on the
best aerodynamics, construction methods and space requirements.

We will like to point out though, a type of section, that is simple and practical, both in its
design form and in the streamlining of its parameters.  This type is brought about by
means of parabolic curves, constructed with the tangential method, seen earlier in the
design of the wing tips.  With this kind of construction, we can achieve most types of
fuselage shape sections, from almost circular rounded shapes to ones that are sharp-
cornered on the lower section or even on both sections, as it occurs in the aft portion of
the fuselage.
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To streamline a fuselage with such sections, it is necessary to streamline the various
parameters that define the section, such as the width L and the various heights H in
relation to the plane of construction, and the ratios of these with the width itself.  We can
easily see that it is not possible to give a fixed rule for this type of design, since one
would have to study in specifics the most convenient and necessary streamlining of the
parameters for each fuselage type.

In the case, as an example, where the sections are the arcs of a circle, one would have to
streamline the circle’s radii, their centers and the ratio among them.  It will then be the
design itself that will suggest, case by case, which will be the parameters to be examined.

What we have briefly described is not to be used as a rule, but rather as a basis for the
study of this very important work of fuselage design.

51. Empennage Design
What we have seen in the wing design also applies in the empennage design.  Even in the
tracing of its airfoils, the procedure used is similar to that one of a wing with a constant
airfoil.  The empennage’s airfoil, in fact, is always symmetric and bi-convex, and also it
never has a twist.

In reality, it is often convenient to taper the airfoil in thickness, but the variation is on the
same airfoil.  Generally the thickness goes from 10% - 12% where it attaches to the
fuselage to 6% - 8% at the tips.  The variation has to be linear for both the horizontal and
vertical section.

52. Design of Movements of the Mechanical Controls
We have seen in the last chapter how to lay out the various controls.  The actual
movements of these controls is of fundamental importance and should now be
considered.  Let’s have a few examples that will allow us to make some observations.

Let’s suppose we have two levers, l1 and l2, hinged on their axis at their half-way point,
and placed at a distance L.  The levers are straight, of equal length and connected to each
other at their extremes by cables of equal length, in such a way that the angle between the
cables and the lever’s axis is 90°.  Under these conditions, the levers will then be parallel
to each other.
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Let’s rotate lever l1 in the direction show by an angle α.  The amount of movements for
both the cables is the same, since the lever’s arm are the same. Therefore the other lever,
l2 will rotated by the same angle α, and the tension of both the cables will remain the
constant since the distance L did not change.
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Figure 8-18

Let’s now consider lever l1 bent backwards as in Figure 8-18, with the angle between the
cable and the lever’s arm is less than 90°, and the second lever still being straight, with its
arm being of equal length to the first lever.  Rotating the first lever clockwise by a certain
angle, we notice that the lever’s movements at its extremes, in the direction of the cables,
is not the same but is greater for the top cable, S1 than it is for the bottom cable S2.

Since lever l2, is controlled by the lower cable which moves by S2, its rotation angle will
not be equal to the one for lever l1.  Also, and more importantly, the top cable will slack,
since the movement S1 of lever l1 is greater than the top movement of lever l2.
Consequently, the top cable will slack by a quantity equal to the difference between the
movements of lever l1, S1 and S2:

∆L = S1 – S2
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Due to this slack in the top cable, lever l2 has freedom to further rotate even though lever
l2 remains stationary.  It will rotate until the top cable is taut—resulting in the bottom
cable becoming slack.

In conclusion,  we can say that at every position away from neutral of lever l1, there is no
single corresponding position for lever l2, but lever l2 may rotate between angles α and β
that correspond to movements S1 and S2.  Similarly, if lever l2 is kept stationary, lever l1
can rotate by the same angles.

If we would use this system in the control system of an aileron, for instance, the aileron,
when off its neutral position where both the cables are equally taut, will be free to move
back and forth by a certain angle even though the control lever is kept secured.  Under
these conditions, the aileron will start to vibrate with consequences that are easy to
appreciate.

> 90°
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L
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∆L

1

S2

S2
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actual position
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S  – ∆L/21

l1

l2

Figure 8-19

A third consideration is having a lever l1 bent forward, with an angle between the lever’s
arm and the cables greater than 90° as shown in Figure 8-19.

In this case, a rotation of lever l1 off its neutral position will result in a movement S1
greater than S2, and since the top cable is controlling lever l2, l2 will move by the same
amount S1 in both its top and bottom arm.  This will have the tendency to also move the
bottom cable by the same amount, S1, but the bottom portion of lever l2 only allows that
cable to move by S2.

This will follow with an over-tensioning of both cables, resulting in a general hardening
of the entire system.

From this examples we can draw an important conclusion.  In a closed-circuit cable
transmission system, in order not to experience slacks or over-tensioning in the system
when off its neutral position, it is necessary that the angle between the cable and the
lever’s arm, to which the cables are attached, be of 90°, when in the neutral position.
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90°

90°hinge

Figure 8-20

It is important to notice that at times, due to the construction, the hinged portion of the
lever is not on the lever’s axis itself, but placed outside.  Therefore, in a more generic
way, we can say that the 90° angle has to be between the cable and the radius drawn from
the center of the lever’s rotation to the point in the lever to which the cable is attached.

C

control cable

movable control surface

center of rotation

control arm

Figure 8-21

For this reason, the levers that control the various moveable surfaces assume strange
forms at times.

Rigid Controls. So far we have talked about controls where the transmission of
movement is accomplished by means of cables.  If instead, the transmission of movement
is obtained by means of rods, since these can work in tension as well as compression, the
system is not required to be closed, with two arm levers and two cables, but a single arm
lever is sufficient to transmit the movement in both directions.

With rigid controls we also eliminate the inconvenience of having slack or hardening of
the systems in the conditions we have seen when the angles between levers and cables are
not at 90°.  The inconvenience of the non-equal angular rotation, between the moving
lever and the moved lever does remain, if the angle is not 90°.  This inconvenience
though, does not lead to serious consequences as we have seen earlier.

Figure 8-22

Often, there is the requirement of not having equal angular rotation of the moving lever in
respect to the moved lever.  Such is the case in the differential controls of the ailerons.
As we already know, in the case in the lateral handling of an aircraft, it is necessary to
have the up-going aileron move at a greater angle than the down-going aileron.  This is
accomplished by having angles, between levers and connecting rods, different from 90°.
A simple, and very commonly-used scheme of this type of control is shown in Figure 8-
23.
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Figure 8-23

To the torsion rod there are attached two levers forming an angle of 30° and with a
turning radius of 150mm.  The angle of movement of the control stick, also attached to
the torsion rod, is 25° on both sides.  The angular movement of the ailerons results in a
down-position of 15° and in an up-position of 30°.  The differential ratio is 1:2, a normal
value for gliders.

We will not elaborate too much on these topics, even though they are of fundamental
importance.  What is important is that an idea was given that may serve useful in the
orientation of the study of these mechanisms.  Also we cannot give many examples, since
each aircraft requires its own particular study.  These mechanisms are tied to the
particular architecture, construction demands and the final use of the aircraft.  This is an
area, in a way, where the designer can indulge in his own whims, and because of this, we
have at times seen solutions that are very ingenious, but also often which are more
complicated than necessary.
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Mf = 375 kgm = 37500 kgcm 
V  = 80 – 3 = 77 cm 
 
we obtain the bending load on the stringers: 
 

! 

" =
6# 37500# 80
1.5 803 $ 773( )

=
18000000

1.5 512000 $ 456533( )
 

 

! 

" =
18000000
1.5# 55467

=
18000
87

= 207kg /cm2  

 
Given the relatively low value of the load, we could reduce the stringers size taking it, for 
example, to 12 x 12 mm. 
 
The new values would be: 
 
V = 80 – 2.4 = 77.6 cm 
B = 1.2 cm 
 
and  the load would be: 
 

! 

" =
18000000

1.2 512000 = 467288( )
=

18000
1.2# 44712

=
1800
53.6

= 335kg /cm2 

 
The σ stress could be increased more, but it is not convenient to further reduce the 
stringer size for several construction-related reasons, and also in consideration of any 
accidental local loads. 
   
The torsion load τ is given by the relation: 
 

! 

" =
1.5T
H# $

 

 
where: 
 
T = shearing stress = 135 kg 
H = web height = 80 cm 
δ  = web thickness = 1.5 mm 
 
By replacing the values, we have: 
 

! 

" =
1.5# 135
80# 0.15

=16.90kg /cm2  
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thus the shear load is quite low. 
  
We can reduce the plywood thickness to 1 mm, so that the torsion load will be: 

! 

" =
1.5# 135
80# 0.10

= 25.4kg /cm2  

 
which is still a very low value. We must keep into account that plywood buckling would 
be very likely with thin plywood and would result in a considerable reduction of the 
structure stiffness.  Therefore, it is a good practice not to adopt a plywood thickness that 
is too low and less than 1mm (also as they are not easily found on the market) and 
covering distances not exceeding 30-35 cm, so as to avoid such buckling, which occurs 
more easily if the panel is flat, rather than curved. 
 
Let us now verify the structure for loads in the horizontal plane, having for each 
horizontal beam: 
 
Mf = 240 kgm 
H = L = 48 cm 
B = 1.2 cm 
 
First, we calculated the sides as beams made up by two caps connected by a web in a 
manner similar to that used for the wing spar. 
 

1.2

1.2

1.2

1.2

H
 =

 4
8

1
H

 =
 4

6.
8

 
Figure 9-47 

 
In such cases, though, where the caps—stringers—have very small dimensions compared 
to the H height of the beam, we can proceed with calculation in a much simpler, but not 
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less exact manner, by considering the area of the stringer section as concentrated in its 
centroid, or center of mass. By dividing the bending moment by the height H, we will 
obtain the tension or compression loads on the stringers between the stringer centroid, 
and then, by dividing this value by the area A of the section, we will have the load. 
 
In our case, the height between the section centroids is: 
 

HI = 46.8 cm 
 
therefore, the axial stress on the stringers will be 
 

! 

S =
Mf

H1

=
24000
46.8

= 513kg  

 
 
The stress in the stringers is, therefore: 
 

! 

" =
S
A

=
513
1.44

= 356kg /cm2  

 
where: 
 
A = stringer section area = 1.2 x 1.2 = 1.44 cm2 
 
For the shear loads, we have: 
 

! 

" =
1.5T
H# $

=
1.5# 135
48# 0.1

= 42.2kg /cm2  

 
This value is still low for birch plywood. Finally, we must verify the structure stability 
for torsional stress. This is done by simply applying the Brendt formula: 
 

! 

" =
Mt

2A# $
  

 
where: 
 
Mt = rudder torque = 65 kgm = 6500 kgcm 
A = section area = 80 x 48 = 3840 cm2 
δ  = plywood thickness = 1 mm = 0.1 cm 
          
and the skin shear load will be: 
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! 

" =
6500

2# 3840# 0.1
=
6500
768

= 8.5kg /cm2  

 
Here we see how the tangential stress, deriving from torsion, is particularly small, as 
were the shear loads, both in the vertical and in the horizontal plane. 
 
Nevertheless, we must note that since the shear and the torsion values are constant for the 
entire aft part of the fuselage, we will have the maximum loads where their traverse 
dimensions are minimal, that is at the aft end. 
 
Let us suppose that the dimensions in the minimum section are: 
 
H = 25 cm 
L = 18 cm 
 
so that area A is 
 

! 

A = 25" 18 = 450cm2  
 
In this case, torsion load is: 
 

! 

" =
Mt

2A# $
=

6500
2# 450# 0.1

= 72kg /cm2 

 
a value that is not excessive, but neither excessively low as in the connecting section. 
 
From what we have seen in the example, we can deduce that we should reduce the 
thickness of plywood from the end to the connection of the fuselage with the wing. But as 
the thickness required at the end is generally no greater than 1.5 mm, for these aircraft, 
the thickness is kept constant. 
  
On the other hand, with regards to the longitudinal stringer dimensions, it might seem 
convenient to reduce the section as we go toward the rear end of the fuselage, since, as 
we have seen, the bending moment decreases (Figure 9-43). 
 
But if we consider the dimensions that these stringers will have, we see that the weight 
savings is meaningless, while the tapering work becomes complicated. The section is, 
thus kept constant for stringers as well. 
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Figure 9-48 

 
Shell fuselage. What we have seen in the example applies to a fuselage of a very simple 
shape, such as a square one.  Nevertheless, even in the instance of more complex 
polygonal sections, we can still end up considering a simple shape structure, while 
ignoring other elements during the calculation, as if their task was only that of 
contributing to the shape.  The actual contribution that they will add to the total strength 
of the structure will be an advantage to safety. Instead, if we want to consider the 
example of the real contribution of all the stringers, we can proceed as follows. 
 
Example. Let us verify bending in the section of the fuselage front part, in 
correspondence with the pilot cockpit, with six stringers having the same section of 12 x 
12mm.  The bending moment is Mf = 280 kgm. 
  
To make things easy, let’s enter in the table the stringers distances h from any chosen  
reference plane, the stringers sections S, and the products S x h of the areas by the 
distances, which are the static moments in relation to the reference. Then, by dividing the 
sum ∑S x h of the areas static moments by the sum of the areas, we can obtain the 
distance d of the neutral axis from the reference plane. Knowing thus the neutral axis 
position, we have the distances H of its stringers.  We then enter in the table all the H, H2 
and the products S x H2. 
 

String. S (cm2) h (cm) S x h H (cm) H2 S x H2 
 
1 
2 
3 

 
1.5 
1.5 
1.5 

 
0.45 
42.8 
55 

 
0.68 
64.50 
82.50 

 
32.15 
10.20 
22.40 

 
1030 
104 
500 

 
1545 
156 
750 
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4 
5 
6 
 

1.5 
1.5 
1.5 

55 
42.8 
0.45 

82.50 
64.50 
0.68 

22.40 
10.20 
32.15 

500 
104 
1030 

750 
156 
1545 

 ∑S = 9.0 ∑S x h = 294.16 ∑S x H2 = 4902 cm4 
 
   

! 

d =
"S# h
"S

=
294.16
9

= 32.6cm  

 
From the table, we have obtained d and then the products SH2, which are the inertia 
moments of the stringers sections in relation to the neutral axis. Their sum is, therefore 
the inertia moment J of the fuselage section in relation to the neutral axis: 
 

! 

J = "SH 2 = 4902cm4  
 
because the bending load is 
 

! 

" =
Mf # y
J

  

 
its maximum value will be in the farthest stringers, which are the 1st and the 6th, and it 
will be: 
 

! 

" =
28000# 32,15

4902
=184kg /cm2 

 
We could reduce the fillet section, also in consideration of the contribution added by the 
covering plywood. In fact, in addition to the area that is directly glued to the fillet, and 
thus working with it, there is also an area around the fillet that collaborates for bending, 
because it does not suffer from the buckling given by the stiffening caused by the fillet 
itself. Said collaborating area is considered about 2-3 times the width of the fillet. By 
repeating the calculations, we could get down to a stringers section of about 10 x 10, still 
remaining within low stress values. 
 
62. Determination of the Tail Plane Loads 
For the tail plane dimensioning, we follow a process similar to that used for the wing. 
The loads, as we saw for the fuselage, are calculated according certification standards. 
 
Horizontal Tail Plane. The minimum load Pc on the stabilizer-elevator assembly must 
be such to balance the wing pitching moment. Its minimum value is therefore: 
 

!! =
0.20 ∙ 2! ∙ ! ∙ !!

!  
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with their known meaning.  For the required strength this value Pc shall not be lower than: 
 

 80     kg/m2 for gliders 
 120   kg/m2 for normal sailplanes 
 150   kg/m2 for acrobatic planes. 

 
As we could see earlier, in normal gliders, the load Pc required to balance the wing 
moment is lower than that resulting from the required minimum unitary load. 
 

  
 Figure 9-49 

 
The load Pc must be shared between the stabilizer and the elevator in proportions 
according to their areas and with a rectangular distribution for the stabilizer and a 
triangular one for the elevator. 
 
In actual practice though, the spar, or spars, of the stabilizer are dimensioned for the total 
load Pc on the entire tail plane, considering of the greater bending elasticity of the 
elevator, which thus transmits its load, by means of the hinges, to the stabilizer. 
 
The elevator, on the other hand, is dimensioned for the load bearing on it, proportional to 
its area. 
 
We do not think it is necessary to give a calculation example, since the method is exactly 
the same that we used for the wing. We only need to add that, since the loads on the tail 
plane are the same both up and down, the spars will be made with equal sized spar caps, 
and not different, as we did for the wing. 
 
Vertical tail plane.  Also for the vertical plane a minimum point load is fixed, where the 
required strength is: 
 

!! = 2! ∙
!
! !" !! 

 
and that shall be no less than the value of: 
 

 80     kg/m2 for gliders 
 120   kg/m2 for normal sailplanes 
 150   kg/m2 for acrobatic planes. 
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Example. For a normal sailplane 2n = 7 with a wing load Q/S = 16.5 kg/m2 and a point 
load on the vertical tail plane shall have a required strength of: 
 

!! = 7 ∙ 16.5 = 115.5 !" !! 
 
This is lower than the required minimum of 120 kg/m2, which we shall use. 
 
Although, if the wing load was, for example, 22 kg/m2, the load on the tail plane would 
be, for the required strength: 
 

!! = 7 ∙ 22 = 154 !" !! 
 
and  this would be the load to consider for dimensioning the vertical plane. 
 
For the distribution of this load Pv on the fin and rudder, what we said for the horizontal 
tail plane applies and structures are calculated in a similar manner. 
 
63. Calculation of Wing Attachments 
The structural components of an aircraft are joined together by means of metal 
connections. 
 
Among the most important ones for gliders, we have the wing attachments. Generally, in 
aircraft with cantilevered wings the half wings are joined together with steel plates bolted 
to the wing spars and connected together by means of pins, which may be cylindrical or 
conical. The wing is then connected to the fuselage, by means of small pins, with slotted 
fittings on the lower plates. 
 
In a similar connection diagram, the maximum bending stress is maintained by the plates 
and the main pins, while the weight of the fuselage, hanging from the wing, is born by the 
slotted fittings with secondary pins. 
 
Let’s say for now—and later we will see through calculation—that the stresses on the 
union pins of the half wings are considerably higher than those connecting the fuselage. 
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Figure 9-50 

 
Example. Let’s proceed with calculating the wing attachments. 
 
Let’s suppose they are made up by four plates per half wing, two on the upper spar caps 
and two on the lower one. The distance between pin holes is 20cm and the associated 
wing bending moment is a load of 2500 kgm. 

 
Pin-Plate eyelet. The load on each pin comes from the stress along the axis of the spar 
cap calculated from the center of gravity in line with the pin.  This stress is: 
 

! =
!!
ℎ =

2500
0.20 = 12,500  !" 

 
where: 
 
 Mf = bending moment acting on the pins; 
 h   = distance between the pin centers. 
 
Assuming the pins are cylindrical, we calculate the required diameter.  
 
The shear load, considering that there are two resisting sections, one per plate, is: 
 

! =
!
2! =

!
2 ∙ !4    ∙ !

!
 

 
where: 
 S = total shear load on the pin; 

pins

plates

fuselage attachment ttings
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 A = area of the pin with a diameter ! = !!!

!
 . 

 

 
Figure 9-51 

 
Given an admissible breaking stress of the material used: 
 
  R = 50 kg/mm2 
 
by solving the relation seen with regards to d, we have: 
 

! =
!

! ∙ ! 2 =
12500

3.14 ∙ 50 2 =
12500
79 = 158 = 12.6!! 

 
Admitting, for the time being, this value as the actual one for the pin, let’s now determine 
the thickness of the connection plates. 
 
The section most stressed is that in correspondence with the hole, i.e. the eyelet. Given a 
plate height of 50 mm, and the unknown thickness s, the tension load σ in section A-A is 
given by: 
 

! =
!
! =

12500
2(50– 12.6) ∙ ! 

 
and given for the plate material 
 

σ  =  40 kg/mm2 
 
we  have the thickness: 
 

h 
= 

20
cm

B = 8cm

side view

top view
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! =
12500

2 ∙ (50– 12.6) ∙ 40 =
12500
3000 = 4.16!! 

 
Let’s now calculate which is the specific pressure (that is the unitary pressure) acting on 
the pin and on the plate eyelet. 
  

 
Figure 9-52 

 
The diametric projection of the pin supporting surface is: 
 

! = 12.6 ∙ 4.16 = 52.4!!! 
 
and  the load weighing on each plate  
 

12500
2 = 6250!" 

 
Therefore, the resulting specific pressure is: 
 

! =
6250
52.5 = 119!"/!!! 

 
An excessively high value, as for moving parts, such as pins, we cannot exceed, for 
normal carbon steel, a specific pressure of 25 - 30 kg/mm2  to avoid hole ovalization or 
pin scoring. 
 
Thus, in our case, we will need to increase the eyelet surface both by increasing the 
thickness of the plate in correspondence with the hole, and by increasing the diameter of 
the actual pin. 
 
Let’s take its diameter D = 24 mm and, so as not to increase its weight too much, we shall 
make it hollow, with an internal diameter d = 16 mm. Its resisting section is now: 
 

! =
!
4 (!

! − !!) =
3.14
4 (24! − 16!) = 250!!! 

 
and the point shear stress is: 

12.6mm

50
m
m

A

A
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! =
6250
250 = 25  !"/!!! 

 
By increasing the plate thickness to 7 mm, the supporting surface is 
 

! = 24 ∙ 7 = 170!!! 
 
and  the specific pressure 
 

! =
6250
170 = 36.5  !"/!!! 

 
still has a high value. 
 
To increase the supporting surface without further increasing the thickness of the entire 
plate, let’s weld a washer with a thickness of 5 mm on the eye. We now have: 
 

! = 7+ 5 ∙ 24 = 288  !!! 
 
and  the specific pressure 
 

! =
6250
288 = 21.6  !"/!!! 

 
now  has an acceptable value. 
 

 
Figure 9-53 

 
Let’s verify again, based on the 7mm thickness of the plate, the tensile eye in section A-A 
without considering the washer contribution. The verification in section B-B is 
superfluous, since in this case the shear resisting area is greater than the tension 
resistanting area. 
 
The resisting area of section A-A is: 
 

! = 50− 24 ∙ 7 = 182  !!! 

24
m
m

50
m
m

A

A

BB

B B
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and the tension stress σ becomes, being 6250 kg, the load weighing on each plate: 
 

! =
6250
!182 = 34.4  !"/!!! 

 
an acceptable value. 
 
Spar connecting bolts. The pairs of plates are connected to the wing spar with through 
bolts that strongly press it against the wood. These are, therefore, stressed simultaneously 
in tension along their axis and in shear for the axial stress on the plates. In practice, 
though, the axial load on bolts is ignored, as it is always small, and also no consideration 
is given to the contribution of friction between the plates and the wood that helps to 
decrease the total cut stress that the bolts must bear. 
 
Thus, let’s suppose to put eight bolts for each plate for connection and calculate the 
required diameter. 
 
Each one must therefore bear a load of: 
 

! =
12500
8 = 1560  !" 

 
and since there are two shear sections for each, by using a point shear stress of 40 
kg/mm2, their diameter shall be: 
 

! =
!

!" 2 =
1560

3.14 ∙ 40 2 =
1560
62.8 = 24.8  ~  5!!. 

 
The bolt works into the wood for 80 mm, so the supporting surface is: 
 

! = 80 ∙ 5 = 400!!! = 4!"! 
 
and the specific pressure on wood is, therefore: 
 

! =
1560
4 = 390!"/!"! 

 
that is not an admissible value for fir or spruce, which the material normally used to make 
spar caps. The maximum value for these materials that must not be exceeded is about 200 
kg/cm2. 
 
Let’s then obtain from the previous relation the required supporting surface, by fixing the 
specific pressure to 200 kg/cm2: 
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! =
1560
200 = 7.8!"! = 780!!! 

 
thus the bolts diameter shall be: 
 

! =
780
80 = 9.7!! 

 
For his we shall adopt eight bolts having a 10 mm diameter. 
 
Plate dimensions.  Finally, let’s define the dimensions and thickness for the plates. The 
distance between the bolts in the connections with wooden parts is usually kept at 4 - 6 
times their diameter and they are alternated by height. 
  
Let’s keep a horizontal distance of 40 mm between the bolts and a distance of 50 mm of 
the first from the pin axis in order to have a sufficient margin of spar material, since this 
ends before the pin hole. The total length of the plate is of 370 mm, given a radius of 15 
mm at the end. 
 
We have earlier determined its thickness in correspondence with the eye, where the stress 
is greatest. Let’s now consider the stress in three other sections: C-C, D-D and E-E. 
 
The load of said sections for each plate is half that weighing on the bolts outside the 
plates (assuming that the load on the bolts is the same for all, which in actual fact is not 
completely true). 
 

 
Figure 9-54 

 
In section E-E, this load is therefore: 
 

! =
3 ∙ 1560

2 = 2340  !" 
 
in section D-D is 
 

50 C D E

C D E

40 40== = = =

1

2

3

4

5

6

7

370
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! =
5 ∙ 1560

2 = 3900  !" 
 
and  in section E-E is: 
 

! =
7 ∙ 1560

2 = 5460  !" 
 
Considering that the plate height is 50 mm constant along the entire length, let’s obtain 
the thickness of the sections considered (having first fixed a stress of 40 kg/mm2 for the 
material used) 
 
Section E-E: 
 

! =
2340

(50− 10) ∙ 40 =
2340
1600 = 1.45!! 

 
Section D-D: 
 

! =
3900

(50− 10) ∙ 40 =
3900
1600 = 2.45!! 

 
 
Section C-C: 
 

! =
5460

(50− 10) ∙ 40 =
5460
1600 = 3.40!! 

 
In glider construction for simplicity and low cost these metal elements are almost always 
made of welded steel sheet, thus eliminating as much as possible the need for machine 
tools (especially for milling). 
 
In our case, we could build plates with several elements, overlaid and welded together: 
the first set with a thickness of 2 mm, the second to bolt 5 also 2 mm thick, and the third 
to bolt 2 with a thickness of 3 mm, as we can see in the figure below. 
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Figure 9-55 

 
With regards to the specific pressure on bolts, we shall verify it where thickness is 
smaller, i.e. 2 mm. 
 
The bolt supporting surface on each plate is: 
 

! = 10 ∙ 2 = 20!!! 
 
and since the load is 
 

! =
1560
2 = 780!" 

 
the specific pressure shall be: 
 

! =
780
20 = 39  !"/!!! 

 
an admissible value for fixed elements such as the connection bolts in this case, 
considering also the contribution given by the friction between plates and wood, which 
actually reduces the load on them. 
 
Wing-fuselage connection ears. As we said, the wing is connected to the fuselage 
through ears on the lower plates. 
  
The load weighing on them, for each half wing, is given by the maximum cut of the half 
wing in the first hypothesis (maximum lift). Let’s suppose that the maximum cut for 
robustness per half wing is: 
 
      T = 825 kg 
 
and that the geometrical center of the half wing is 3.05 m from the centerline. Let’s then 
say that the two pairs of ears of the two half wings are 46 cm from each other. 
 

7 4 2

washer

15 R15 R
25 R

10 Ø24 Ø

half wing attachment plates

12
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For a symmetrical load on the wings, we will obviously have a load on each of the two 
pairs of ears equal to that of the half wing of 825 kg, that is 
 
     q =  825  = 412.5 kg 
              2 
 
per  ear. 
 
But a much greater load occurs when we have an asymmetrical stress. Certification 
standards, for the heaviest condition, require a load dissymmetry of 70% of one half wing 
compared to the other. 
 

 
Figure 9-56 

 
To illustrate, we can consider the wing as an only beam resting on two points, the unions 
in question, and loaded at the ends (corresponding to the half wing geometrical centers) 
with two different loads: one of 825 kg, and the other of: 
 

825 ∙ 0.7 = 578  !". 
 
From the Figure 9-57 diagram, we obtain through simple calculation that the maximum 
traction rises up to 2344 kg and for this load we shall dimension our unions with the 
fuselage. 
  
Let’s set a pin diameter 
  

d = 10 mm 
 
to which corresponds an area of the section: 
 

! =
!!!

4 =
3.14 ∙ 100

4 = 78.5!!! 
 
and since there are two cutting sections, the unitary stress is, therefore: 
 

46cm

825 kg825 kg
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! =
2344
2 ∙ 78.5 = 15  !"/!!! 

 

 
Figure 9-57 

 
Let’s set a width for the ear of 35 mm, and a thickness of 3 mm. 
 
Section A-A resisting to traction is, for each ear: 
 

! = 25− 10 ∙ 3 = 45!!! 
 
and  the stress becomes: 
 

! =
2344
2 ∙ 45 = 26  !"/!!! 

 
Let’s calculate the specific pressure on the pin. The supporting surface is: 
 

10 ∙ 3 = 30!!! 
 
so the specific pressure 
 

! =
2344
2 ∙ 30 = 39  !"/!!! 

 

 
Figure 9-58 

3.05m

578 kg 825 kg

0.46 m

945 kg 2344 kg

3.05m

A A

3mm
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25mm
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To reduce this value, also in this case we shall have to use a washer with a 3 mm 
thickness. The supporting area is now 60 mm2 and the specific pressure decreases to: 
 

! =
2344
2 ∙ 60 = 18  !"/!!! 

 
With this example, we have seen in a simple manner how to proceed to the dimensioning 
of a metallic connection. 
 
Summarizing, let’s remember that we must verify: 
 

• the tension effort σ in the various most critical sections of the connection; 
• the shear stress τ for the eye, pins and bolts; 
• the compression loads on pins, bolts, with plates; 
• the compression loads of bolts on wood. 

 
 
64. Calculation of controls and related transmissions. 
 
Control stick. According to standards, the loads that stress a control stick are: on the 
longitudinal plane (elevator control): 100 kg for the required strength in both directions; 
on the cross plane (aileron control): 50 kg for the required strength in both directions. 
 
These efforts are limited to the members that precede the appropriate limit stops, while 
the rest of transmission is calculated based on the efforts generated by loads on the 
maneuvering surfaces (ailerons, elevator). 
 
Example.  Let’s suppose that the control stick has the dimensions shown in the Figure 9-
59. 
  

 
Figure 9-59 

 

30
0

60

500 kg

600 kg

100 kg
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With a simple calculation, we obtain the effort on the stick pin of 600 kg and on the limit 
stops of 500 kg. A bolt with a 6 mm diameter is enough for the stick pin. The resisting 
surface is, in fact: 
 

! =
!!!

4 =
3.14 ∙ 36

4 = 28.4!!! 
 
and since the surfaces resisting to cut are two, the unitary stress shall be: 
 

! =
600

2 ∙ 28.4 = 10.5  !"/!!! 
 
For a stick support of 1.5 mm thick, the pin supporting area is, therefore: 
 

! = 6 ∙ 2 ∙ 1.5 = 18!!! 
 
and the specific pressure will be: 
 

! =
600
18 = 33.2  !"/!!! 

 
that is too high a value. Let’s take the pin diameter to 8 mm and the support thickness to 
2 mm. 
 
We now have: 
 

! = 8 ∙ 2 ∙ 2 = 32!!! 
 
and the specific pressure 
 

! =
600
32 = 18.8  !"/!!! 

 
has an acceptable value. 
 
The reaction on the limit stops is of 500 kg. Assuming that plates are 1 mm thick and 20 
mm wide, the section resisting to traction is 
 

1 ∙ 20 ∙ 2 = 40!!! 
 
and the stress 
 

! =
500
40 = 12.5  !"/!!! 
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Aileron transmission. The unitary load on ailerons is, for robustness according to 
standards 
 

0.6 ∙ 2! ∙
!
! !"/!!

! 
 
and never below the required strength of: 
   

 60     kg/m2 for gliders 
 80     kg/m2 for normal sailplanes 

  100   kg/m2 for acrobatic airplanes. 
 
Example. Let’s assume that we are dealing with a normal sailplane, with a wing load of 
18 kg/m2, the unitary load for robustness on the aileron is: 
 

0.6 ∙ 7 ∙ 18 = 76  !"/!!! 
 
This is lower than the required minimum of 90 kg/m2, a value that we will consider for 
calculation. 
 
Let’s suppose that the aileron has these dimensions:  
 

 
Figure 9-60 

 
so the resulting surface will be 1.40 m2. The load weighing on it is, therefore 
 

80 ∙ 1.40 = 112  !". 
 
Since the distribution along its chord is triangular, the load center of gravity is at one 
third of the chord, that is at a distance 
 

35
3 = 11.6!" 

 
with a distance from the hinge of 11.6 cm + 1.5 = 13.1 cm. 
 

4.0m

0.
35
m

hinge 15
m
m

S = 1.40m2
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Figure 9-61 

 
The hinge moment is, therefore 
 

! = 112 ∙ 13.1 = 1450  !"/!" 
 
By setting the aileron lever radius at 12 cm, the effort on control cables (or on the control 
stick, if rigid) is: 
 

! =
1450
12 = 121  !". 

 
The 3 mm cables that are generally used for the controls on these aircraft are amply 
sufficient to support such loads. 
 
  
Rigid transmissions, Buckling load. If the transmission is rigid, with aluminum tubing, 
they also work by compression, they must be verified for the buckling load, i.e. for the 
compression critical load Pcritic that a solid with a rectilinear axis with a constant section 
may support without yielding and bending. 
  
This verification of the buckling load is necessary when the solid, loaded by 
compression, has a very high slenderness coefficient. Said coefficient is the ratio between 
the solid free bending length L and the inertia radius ρ of the normal section: 
 

!
! = !"#$%#&$#!!  !"#$$%!%#&' 

 
where the inertia radius ρ is given by: 
 

! =
!
! 

 
where: 
 

1.5

aileron

R
13.1

11.6

hinge
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 J = moment of inertia of the resisting section 
 A = area of the resisting section. 
 
To calculate tubular rods loaded on their tip, where the slenderness coefficient is greater 
than 80 - 100 (long struts) Euler’s formula applies: 
 

!!"#$ =
! ∙ !!! ∙ !

!!  
 
while for rods with a slender coefficient smaller than 80 (short struts) the formula by 
Johnson shall apply 
 

!!"#$ = ! −
!!!!

! ∙ ! ∙ !! ∙ ! ∙ ! 

 
where: 
 
 E = modulus of elasticity of the material 
 J = moment of inertia of the section 
 L = length of free bending 
 C = yield strength of the material 
 K = coefficient according to the end constraints. 
  For hinged ends  K = 1 
  For restrained ends K = 2. 
 
Example.  Let’s consider that the transmission rod of the aileron in the previous 
calculation is a pipe made of aluminum with an external diameter of  20 mm and a 
thickness of 1 mm, and has a free bending length of 3 meters. 
 
The moment of inertia of the resisting section is (being diameter D = 20mm and the 
internal one d = 18 mm): 
 

! =
!
64 (!

! − !!) = 0.05(20! − 18!) 
 

! = 0.05(16000− 105000) = 2750!!! 
 
and being the resisting section A: 
 

! =
!
4 (!

! − !!) =
!
4 (20

! − 18!) = 0.785 ∙ (400− 324) = 59.5!!! 
 
the radius of inertia shall be: 
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! =
!
! =

2750
59.5 = ~6.8!!. 

 
The slenderness coefficient will be: 
 

!
! =

3000
6.8 = 440 

 
therefore, we are no doubt in the field of applicability of Euler’s formula. In our case, 
let’s set: 
 
 E = 6800 kg/cm2 
 K = 1 
 L = 3000 mm 
 J = 2750 mm4 
 
We shall have: 
 

!!"#$ =
!!!!"
!! =

!! ∙ 6800 ∙ 2750
3000!  

 

!!"#$ =
9.85 ∙ 6800 ∙ 2750

9,000,000 =
184,000,000
9,000,000 = ~20.5  !". 

 
 
The load bearable by the rod is, therefore, considerably smaller than the load weighing on 
it, which is 121 kg. 

To increase resistance without increasing the rod dimensions, we shall reduce the free 
bending length L by placing two supporting bars, equally distant from each other. This 
way, the free bending length is now L = 1 m = 1000 mm.   
  
The slenderness coefficient is: 
 

!
! =

1000
6.8 = 147 

 
and we shall apply again Euler’s formula: 
 

!!"#$ =
9.85 ∙ 6800 ∙ 2750

1,000,000 =
184,000,000
1,000,000 = ~  184  !". 

 
A value that is now definitely higher than the stressing one. 
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In a similar way to the buckling load, we can calculate the wing stanchions stressed by 
compression in the sudden landing condition. 



l’aliante
Stelio Frati




