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Introduction

One of the most important requirements to be met in
sailplane design is to reduce the structurc mass as far as
possible. The lower this is, the greater is the total mass
variation range for the assumed all-up weight, especially when
water ballast is provided.

The dimensions of the elements, and in the consequence
the mass, of the primary 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 materials used. Under the action of the loads
there appears the distortion and displacement of the structure
points. This distortion produces some alleviating effcct 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 decrement 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
elastic 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 sailplane when landing
depends on the sinking speed value (V,) prescribed by the
Requirements:
2
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2
where: myq 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 cnergy:

E,=m
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where Ry is the ground reaction on the wheel and h is the
resultant glider c.g. displacement depending on the tyre, tube
and shock absorbing element characteristics. Since the kinetic

and absorbed energies must be equal, the ground reaction for
the rigid structure can be determined:

v: o1
Ex =E,=m, "é— = ERwh
M,V
RW — F(.;; ;

Such a calculation performed for the sailplane SZD-38
JANTAR | gives the result Ex = E, = 47,5 kGm and
consequently Ry, = 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 calculation. These data enable
the structure deflection, arising under the action of the mass
forces in respect to the load factor, to be determined:

R

fw
W

where n is the load factor for landing condition and W is the
all-up weight of the sailplane

By replacing the distributed mass of the fuselage and wing
by a system of concentrated masses one can determine the
deflection lines (Fig. 1). The energy absorbed for the
structural distortion is:

1 n
E, :52 ,Rf;
i=l

where P; is the concentrated mass force and f; is the structure
displacement at the station at which P; acts.

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 structure distortion the
ground reaction is defined now from the equation:
Ey-E,=E,

For the SZD-38A JANTAR 1 the distortion energy is Ep
equals 8,1 kGm and taking this into account results in the
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ground reaction being reduced to the value Ry equals 1310 kG.
Thus elastic structure considerations reduce the ground reac-
tion by ARy equalling 1470 minus 1310 or 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 comprising 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,,, of
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 with respect to the elastic rear fuselage is Ry, equals
127 kG. The load reduction is thus AR,, equals 21 Iminus 127
or 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 extremely 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 linearized distribution
along the wing chord has the triangular form (Fig. 2). The
pressure on the hinge station is defined for the rigid wing by
means of the formula:

Py :iH1 1460, 60C, }L(zr—o.s)af:z B +6af:"“ B,
T da = 18 ap af

where: q = dynamic pressure

dCL/da = wing lift curve slope

a = wing incidence

Cliae = moment coefficient in respect of the
quarter chord station

T = aileron to wing chord ratio

dCz/dB = slope of lift coefficient versus aileron
deflection

dC,/dp = slope of the moment coefficient versus
aileron deflection
Ba = aileron deflection

The elastic wing under the torsional moment is twisted
through an angular distortion:

¥ M
= L d
¢y J( GJU ]_v y

where the torsional moment M, and the wing torsional stiffness
Gly are functions of the span-wise station y. The incidence of
the distorted wing is:

ad:'.u =a— 1;35
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and in the consequence the aileron pressure formula is:

_4(1,4G r %G 4 6%
2 —;H la(a—qﬁ)m&:m]g N0} A R,

Since the distortion angle and the lift distribution are
varying with the span station y, the pressure value p3 is a
function of aileron span. The results obtained for the aileron
of the glider SZD-30 PIRAT are the following:

- for the rigid wing the pressure p3 is 145 kG/m2

- for the elastic wing p3 is 128 kG/m2 where both values are
for the case of one third of maximum down deflection of the
aileron at speed Vp,.

Flap

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 Tegion) is
considerably lower than on the atleron region; therefore the
alleviating effect of the distortion 1s only slight. The results
obtained for SZD-38 JANTAR 1| are the following: p; equals
25 kG/m2 for the rigid wing and p; equals 24,4 kG/m2 for the
elastic wing. The clastic effect on the flap loading, thus, is of
no importance.

Horizontal Tailplane

The critical cases for the horizontal tailplane loading are
usually the conditions:
- full elevator deflection at the speed V4
- one third of full elevator deflection at the speed Vp

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 phenomena are involved. Therefore the Vp case is not
the interesting one.

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

0 44q€,
pH B Mgy, LH
where: Cmyqy = no-tail moment coefficient
A = wing area
q = dynamic pressure
C. = wing mean standard chord
Ly = tail arm with respect to the c.g.

The tail load for trim is obtained, when the necessary elevator
deflection for trim is applied as shown in Fig. 3 where:
o = wing incidence
& = wing downwash
B, = elevator angle for trim.
The fuselage bending elasticity disturbs the relation between
the stabilizer incidence o - £ and the elevator deflection for
trim P.

The tail load for trim for most sailplanes is directed
downward and produces the positive tailplane incidence
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increment ¢ (Fig. 4). To restore the trimmed flight condition it
is necessary to deflect the elevator to the angle fi* = pr + A
Onto the tail load for trim Py there is superimposed the
increment of load APy resulting the full deflection of the
clevator. The force APy depends on the elevator deflection
increment:

.

*
Aﬁ” = ﬁh’m“ = ﬁm’m

where Biimay 18 the elevator detlection to the stops.

The fuselage bending elasticity is however not the
governing alleviating influence. The elevator deflections are
produced by means of the control circuit from the pilot's hand-
grip to the control surface. The appropriate elements of the
control eircuit also suffer strain due to the siresses arising in
them. Likewise the brackets and the structure elements to
which they are attached become distorted. It is, of course,
nearly impossible to calculate these strains, but generalised
data are available based on stiffness ground tests.

Special measurements have been carried out on the motor
sailplane SZD-45 OGAR. The force P necessary for the
elevator deflection B, when the stick in the cockpit was held
against the stops, was measured (Fig. 5). The force P was
applied at a distance of 1/3 v aft of the hinge, reproducing a
hinge moment of:

1
M, =< Pel

necessary to balance the strain effect of the system. The
hysteresis on the diagram results from system friction. The
resultant elevator dellection increment is:

'AﬁH = ﬁH = ﬁ;:xm o ﬁw

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

C
#.%.Aﬁ}{q_,q”

oa, 9py
where:
GCLH
da,
equals the slope of the tailplane lift curve and
da,,

OBy

equals the effective change of the tailplane incidence with
elevator deflection while

Ay
represents the tailplane area. The resultant tail load is given by
PH = ‘P}I i APH - !Dmass

where Py, is the inertia force depending on the tailplane mass
and the acceleration produced by the tail load increment APy,
The results for the motor sailplane SZD-45 OGAR are listed in
Table 1. Ttis seen that for upward deflection the control circuit
and fuselage elasticities are equally important, whereas for
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downward deflection the circuit elasticity is the one which
matters, since that of the fuselage has very little effect.

Fin and Rudder

For the fin and rudder loadings the same considerations
apply as for the horizontal tailplane, except that the load for
trim for the vertical tailplane is zero. The clastic rudder
control circuit ete. 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 Fig. 6
where the distortion angle is pv,. The fin and rudder loads for
the SZD-45 OGAR for the rigid and elastic control circuit and
fuselage rear part are listed Table 2. [t is seen that the control
circuit elasticity is important, but the fuselage ¢lasticity is not.

Conclusions

When the elasticity of the sailplane under investigation is
taken into account there is some alleviation of the loads at
critical conditions. The distortion of the structure changing the
incidence of the control surfaces or absorbing a portion of the
energy results in a decrement of the load values. In particular
the maneuvering loads on the control surfaces are considerably
alleviated as a result of the elasticity of the control circuit
elements. Such an investigation, thus, permits some reduction
in the mass of the sailplane.
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Figure 1
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Figure 2

Figure 3
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Figure 4
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Figure 6

Figure 5
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Table 1

[Elastic con-
|tr0] circuit
and elastic
fuselage

ETT
|-40

Elastic con-
trol circuit
and clastic
fuselage

152

Deflec- Piires /KG/
tion Stiff Elastic
! control control
circuit circuil
l |
up e 372
down 76 45
Table 2
Pyres 'kG/
Full Stiff lastic
rudder control ontrol
eflec- circuit circuit
tion at |
v. - |
238 +160
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