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Introduction

One of the most important requirements
to be met in sailplane design is to re-
duce the structure mass as far as possi-
ble. The lower this is, the greater is the
total mass variation range for the as-
sumed all-up weight, especially when
water ballast is provided.

The dimensions of the elements, and in
the consequence the mass, of the pri-
mary structure depend on the loads
calculated for all the critical flight and
ground conditions. The value of these
loads results from the prescribed load
factors and airspeeds as far as the
sailplane is considered as a rigid body.
The real structure, however, is elastic
depending on the geometry and materi-
als used. Under the action of the loads
there appears the distortion and dis-
placement of the structure points.

This distortion produces some alleviat-
ing effect as a consequence of the
energy absorption and the angular
displacement of the lift surfaces
(changes of incidence). Both these
factors affect the aerodynamic forces or
the energy and in the critical loading
cases may lead to the loading decre-
ment of considerable value.

The calculations, of course, become
more complex since it is necessary to
define the stiffness characteristics of
the main structure units. This problem
is considerably eased when the load
calculations relate to development of
the type, or even to the evolution of a
prototype. In such cases the stiffness
values can be measured during the
ground tests and real figures obtained.
The results of the loading calculations
for the sailplane considered as an elas-
tic body are discussed in the paper and
compared with these obtained for the
corresponding rigid body. As an illus-
tration of the problem the results for
several Polish sailplanes are shown.

Main Undercarriage

The vertical kinetic energy of the sail-
plane when landing depends on the
sinking speed value «V,» prescribed by
the Requirements:
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where: m,, is the reduced mass of the
glider due to the eccentric
impact.

This energy is to be absorbed by tyre,

tube and (if used) shock absorbing

element.

The absorbed energy:
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where: R, = ground reaction on the
wheel
h=resultant glider c.g. displace-
ment depending on the tyre,
tube and shock absorbing ele-
ment characteristics.
Since the kinetic and absorbed energies
must be equal, the ground reaction for
the rigid structure can be determined:

where: n=load factor for landing con-
dition
W = all-up weight of the sail-
plane

By replacing the distributed mass of the
fuselage and wing by a system of con-
centrated masses one can determine
the deflection lines (fig. 1). The energy
absorbed for the structural distortion is:
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where: P,= concentrated mass force
h, = structure displacement at
the station at which P, acts.
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Such a calculation performed for the
sailplane SZD-38 JANTAR 1 gives the
result:

E,= E, = 47,5 kGm and consequently
R, = 1470 kG.

In projecting a new sailplane design it is
necessary to define the stiffness of at
least the fuselage and the wing to ob-
tain the data for flutter criteria calcula-
tion.

These data enable the structure deflec-
tion, arising under the action of the
mass forces in respect to the load fac-
tor, to be determined:

The distortion energy is absorbed
mainly by the fuselage and wing. Since
the kinetic energy of the sailplane when
landing is partly absorbed by the struc-
ture distortion the ground reaction is
defined now from the equation:

For the SZD-38A JANTAR 1 the distor-
tion energy is E; = 8,1 kGm and taking
this into account results in the ground
reaction being reduced to the value

R, = 1310 kG. Thus elastic structure
considerations reduce the ground reac-
tion by : A R, = 1470-1310 = 160 kG.



Tail Skid (or Wheel)

The tail skid or wheel normally has no
shock absorbing element. The skid
impact force is calculated on the basis
of the Requirements formula compris-
ing the terms depending on the glider
geometry and mass. Such a calculation
for the motor glider SZD-45 OGAR gives
the result: the tail skid load

R. = 211 kG.

The rear fuselage of the SZD-45 OGAR
was designed in the form of the slender
conical duralumin tube. Such a struc-
ture is a good shock absorber. The tail
skid ground reaction calculated in
respect to the elastic rear fuselage is:
R,. = 127 kG. The load reduction is
thus A R, = 211-127 = 84 kG. The
alleviating capability of the OGAR's
fuselage is rather high, but nearly all the
modern glass-fibre sailplanes have the
slender rear fuselage tubes with ex-
tremely small cross section, producing
very elastic structure.

Aileron

On sailplanes of the normal (utility)
category the critical aileron loading
appears in the most cases for the full
down deflection of the aileron at the
speed V,, or for one third of full down
deflection at the speed V,,.

The aileron loading depends on the
pressure, which according to the linear-
ized distribution along the wing chord
has the triangular form (fig. 2). The
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pressure on the hinge station is defined
for the rigid wing by means of the for-
mula:

P, = %[(u ‘:‘_‘} &+ 6O C,_“)'}":

+(z~:—a-;)§_%l{;A & ‘;_‘;:F,‘J

where: g = dynamic pressure
dﬁ/& = wing lift curve slope
~ = wing incidence

Ciace = moment coefficient in re-
spect of the quarter chord
station

T = aileron to wing chord ratio
2 = slope of lift coefficient ver-
/’5?’ sus aileron deflection
;)C-.% = slope of the moment coeffi-
' cient versus aileron deflec-
tion
(7-"' = aileron deflection

The elastic wing under the torsional
moment is twisted through an angular
distortion:
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where the torsional moment M, and the
wing torsional stiffness GJ, are func-
tions of the span-wise station y.

The incidence of the distorted wing is:

% g =

and in the consequence the aileron
pressure formula is:
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Since the distortion angle and the lift

distribution are varying with the span

station y, the pressure value p; is a

function of aileron span.

The results obtained for the aileron of

the glider SZD-30 PIRAT are the follow-

ing:

— for the rigid wing the pressure p; is
145 kG/m?

— for the elastic wing p; is 128 kG/m?

where both values are for the case of

one third of maximum down deflection

of the aileron at speed V,,.
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Fiap

The flap pressure is calculated in the
same way as for the aileron. It is easy to
observe that the torsional distortion of
the wing on the inner portion of the
span (flap region) is considerably lower
than on the aileron region; therefore the
alleviating effect of the distortion is only
slight. The results obtained for SZD-38
JANTAR 1 are the following:

p, = 25 kG/m? for the rigid wing and

p, = 24,4 kG/m? for the elastic wing.
The elastic effect on the flap loading is
thus of no importance.

Horizontal Tailplane
The critical cases for the horizontal
tailplane loading are usually the condi-
tions:
— full elevator deflection at the
speed V,
— one third of full elevator deflection at
the speed V,

The second condition nearly always
leads to the wing incidence exceeding
the load factor limits imposed by the
load envelope (n-V diagram) so that
considerations other than elastic phe-
nomena are involved. Therefore the V,
case is not the interesting one.

The tail load force for trim depends on
the no-tail moment coefficient:

Fig. 3

where: C_; = no-tail moment coeffi-
cient
A = wing area
q = dynamic pressure
C, = wing mean standard chord
L, =tail arm with respect to the
¢t
The tail load for trim is obtained, when
the necessary elevator deflection for
trim is applied (fig. 3) where:
a=wing incidence
¢ =wing downwash
B, =elevator angle for trim.
The fuselage bending elasticity disturbs
the relation between the stabilizer inci-
dence: a—¢ and the elevator deflection
for trim:p,,.
The tail load for trim for most sailplanes
is directed downward and produces the
positive tailplane incidence incre-
ment ¢ (fig. 4).
To restore the trimmed flight condition
it is necessary to deflect the elevator to
the angle:f,* = B, + Ap,
Onto the tail load for trim P, there is
superimposed the increment of load
A P, resulting the full deflection of the
elevator.
The force A P,, depends on the elevator
deflection increment:
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where [ ..« is the elevator deflection to
the stops.
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The fuselage bending elasticity is how-
ever not the governing alleviating influ-
ence. The elevator deflections are pro-
duced by means of the control circuit
from the pilot’s hand-grip to the control
surface. The appropriate elements of
the control circuit also suffer strain due
to the stresses arising in them. Likewise
the brackets and the structure elements
to which they are attached become
distorted. It is, of course, nearly impos-
sible to calculate these strains, but
generalised data are available based on
stiffness ground tests.

Special measurements have been car-
ried out on the motor sailplane SZD-45
OGAR. The force P necessary for the
elevator deflection f,,, when the stick in
the cockpit was held against the stops,
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was measured (fig. 5). The force P was
applied at a distance of '/, 1t - | aft of the
hinge, reproducing a hinge moment of:

!

necessary to balance the strain effect of
the system. The hysteresis on the dia-
gram results from system friction.

The resultant elevator deflection incre-
ment is:

e
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The calculation requires the step by
step method because the angles Af,
and B, depend on one another.
The resultant tail load increment is
then:

Ph res/KG/
Deflec- Stiff Elastic Elastic con-
tion control control trol circuit
circuit circuit and elastic
fuselage
up —424 372 325
down 76 45 40
Table 1
downward deflection the circuit elastic-
P ! ity is the one which matters, since that
6] of the fuselage has very little effect.
A
& Fin and Rudder
For the fin and rudder loadings the
same considerations apply as for the
L horizontal tailplane, except that the load
/ for trim for the vertical tailplane is zero.
The elastic rudder control circuit etc.
X - 4 distortion under rudder side load has
/ been measured for SZD-45 OGAR motor
sailplane in the same manner as on the
elevator. The results are shown on the
0 8 16 24 Pv [°] diagram (fig. 6) where the distortion
Fig. 6 angle is: By,-
ac, 94 A The fin and rudder loads for the SZD-45
AP, = T 3g B 4 Bn OGARfor the rigid and elastic control
ihaiE H fw F:ircuit and fuselage rear part are listed
9Cuy — siope of the tailplane lift curve 1 o o200 & —
e p P It is seen that the control circuit elastic-
H ity is important, but the fuselage elastic-
2% = effective change of the tailplane ity is not.
28w incidence with elevator deflec-
tion Conclusions
A, =tailplane area. When the elasticity of the sailplane

The resultant tail load:

P, . =

Hres

PH + A PH i Pmass

P ..ss is the inertia force depend-
ing on the tailplane mass and
the acceleration produced by
the tail load increment A P,,.
The results for the motor sailplane SZD-
45 OGAR are listed in the table 1.

It is seen that for upward deflection the
control circuit and fuselage elasticities
are equally important, whereas for

where:

under investigation is taken into ac-
count there is some alleviation of the
loads at critical conditions. The distor-
tion of the structure changing the incid-
ence of the control surfaces or absorb-
ing a portion of the energy results in a
decrement of the load values. In partic-
ular the manoeuvring loads on the
control surfaces are considerably alle-
viated as a result of the elasticity of the
control circuit elements.

Such an investigation thus permits
some reduction in the mass of the sail-
plane.

Table 2
Py res/KG/
Full Stiff Elastic Elastic con-
rudder control control trol circuit
qeﬂec' circuit circuit and elastic
tion at fuselage
Va
+238 +160 +152




