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1. Introduction

To perform the preliminary design of
a glider it is necessary to know the
strength limiting loadings for particu-
lar components. The full technical
documentation requires, of course,
very detailed calculations of the loads
but in the very beginning of the work
it would be profitable to know which
load cases have the deciding influence
in establishing the safety factors for
the various components of the glider.
In other words the signs of all struc-
tural members depend on the greatest
values of load which may occur in the
various cases. The main question now
is which load is the governing one

for the component considered. The
answer to the above question is given
by experience. The observations and
experience gained by designers when
calculating the loads permit the elimi-
nation of many loading cases and
hence the determination of the critical
strength cases only.

The aim of the present paper is to
approach the problem of establishing
the main load cases, the application
of which can give a general picture of
the strength properties of the design
under consideration. It is well known
that the value and character of the
loads depend on the national design
requirements. Because of this it is
recommended that the investigation is
made on the basis of international
OSTIV requirements. Here, however,
a difficulty arises. The statistical data
for designs based on OSTIV require-
ments are at present very limited. All
the existing gliders are designed in
order to obtain national Certificates of
Airworthiness and so are built accord-
ing to national requirements.

The considerations of the present
paper are based on the Polish Design
Requirements, for two reasons:

— The Polish Requirements as re-
gards loads are very close to the
OSTIV requirements.

— Quite a wide range of statistical
data applicable to Polish designs was
accesible to the author, allowing some
generalized conclusions to be drawn.

2. Nature of the loads

For load calculation purpose the
glider is assumed to be a rigid body.

It is subjected to the action of both
external and internal systems of for-
ces. The external forces are repre-
sented by aerodynamic load, the
forces of the tow rope, the reactions
of shock absorbing elements etc.

The internal system consists of inertia
forces, being the responses of the
glider to all the linear and rotational
accelerations involved as a conse-
quence of the action of the external
forces. Both internal and external
systems are in equilibrium considering
the glider as a whole.

The loads, in respect of their charac-
ter, can be divided into two groups:

— Flight loads.

— Ground loads.

Flight loads appear as reactions of the
glider to pilot’s manoeuvres, to gusts,
or to tow rope pull.

The manoeuvre loads arising as a
consequence of deflections of controls
are expressed graphically by n-V
diagramm (the so-called «Manoeuvring
Envelope»), where «n» is the ma-
noeuvring load factor and «V» is the
speed of flight EAS (fig. 1). The main
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points of the envelope are marked by
A1, B1, Ci1, D1. Points: A1 on V; and Bt
on Vp, represent the periphery of the
manoeuvring envelope in normal
flight. Points: C1 on V, and D1 on

V,, represent inverted flight.

On the same n-V diagram we can plot
the «Gust Envelope» (fig. 2). The
straight lines beginning at n=1 repre-
sent the gusts of intensity 30 and

4 m/sec in up and down directions.
The periphery of the gust envelope is
marked by points: A2 on V, and B2

on Vy, for up-gusts and Cz on Vy, and
D2 on V,, for down-gusts.

Superimposing these two diagrams
(for manoeuvring and gust loadings)
on one coordinate system n-V we
obtain the general envelope of normal
accelerations in flight. Its periphery
we mark by points A, B, C, D. There-
fore the point A is either A1 or A2
whichever has the greater value of
«n» factor. The same philosophe
applies to the points B, C and D. The
effect on the glider of manoeuvring or
gust loads is from the static point of

Vo

v
e,
N g
>
=
Z\ 4\0.%
(AN \0',%
Gust envelooe fig2

view the same, and this is the reason
of introducing a single overall enve-
lope.

The tow rope loads act in various
directions. In calculations we take

into account only the most extreme
directions of the rope upwards, down-
wards and sideways.

Ground loads are those which may
occur during launching, landing,
taxying and ground handling. Assum-
ing that in cross-country flight land-
ings on ordinary fields (mainly the
larger fields of corn, meadows etc.)

the ground handling is carried on by
inexperienced people, the different
components and elements of the glider
are subjected to various unexpected
loads. The values of these are determ-
ined from the requirements. The loads
arising during launching, landing and
taxying are connected with the charac-
ter of the shock absorbing elements or,
in the case of a fixed wheel, with the
ability to absorb the shock energy by
the structure as a whole.

All the above-mentioned loads act on
particular components of the glider,
producing stresses in the structure.

In the next sections there will be ex-
amined the loads on wing, aileron, flap,
fuselage and tail unit in an attempt to
select the governing cases. This is to
aid the designer in performing the pre-
liminary structural analysis of a new
prototype concept.

3. Wing
The character of the loads on the wing
is expressed by means of bending and



twisting moments accompanied by
shear forces. On the diagrams their
values are plotted against fraction of
wing semispan. To define the external
system of forces it is necessary to cal-
culate the lift distribution along the
wing span. This distribution depends on
the combination of the shape of the
wing planform and aerofoil section
chosen by the designer. The internal
forces system depends on the mass
distribution along the wing span. In
common practice this distribution is
assumed to be proportional to wing
chord. The full loading system is given
on fig. 3.

gravity fig.3

The diagrams of wing bending moment
in the most severe cases for several
gliders are shown in figs. 4—10, in which
the numbers on the curves denote the
following loading cases:

1. Point A of envelope.

2. Point D of envelope.

3. Point C of envelope.

4, Sharp up-deflection of aileron.

5. Sharp down-deflection of aileron.

6. Inexperienced ground handling.

7. Heavy landing.

Positive values of bending moment are
taken for upwards bending and
negative values for downwards bend-
ing. For all the example gliders,

the limiting positive bending take place
for point A of the envelope and negative
bending for point D. This is true for

the semispan range from y/(b/2) = 0
to y/(b/2) = 0.65 to 0.7. For the semi-
span range from y/(b/2) = 0.65 to 0.7
to y/(b/2) = 1.0 the most severe con-
dition is the case of inexperienced
ground handling. It ist easy to see that
the other cases plotted on the dia-
grams, or others not mentioned, like
points B and C of the envelope, heavy
landing, steady roll etc. can be omitted
in preliminary strength calculations

for the prototype wing.

When in the design there is used an
anisotropic material, like e.g. metal,

a further simplification can be made.

In this case only the bending moment
for point A of the envelope is critical.
Using an orthotropic material, like

e.g. wood, this simplification applies
provided that the ratio of ultimate
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strengths and bending moments fulfil
the formula:

R, > Mp
Rt My

R. — ultimate strength of wood
in compression
R; — ultimate strength of wood in

tension

M, — bending moment for point A
of envelope

Mp — bending moment for point D
of envelope

Loads given here as examples were
calculated for the wing treated as a
stiff body. This assumption is true for
the wing of average torsional stiffness
and for speeds of flight up to 250 km/h
(approximately). For wings of compar-
atively low torsional stiffness or for div-
ing speed Vp > 250 km/h it is possible
that the bending moment for point C

of the envelope for the elastically
deformed (twisted) wing can be the
critical case for downwards bending.
On figs. 11—17 there are presented the
twisting moments for several example
gliders. The general conclusion is

that the most severe case for torsion
appears to the point C of the envelope.
It becomes quite clear when we
remember that almost all normal gliders
employ aerofoils having the positive
aerodynamic centre moment coefficient
Cp, a.c.» @ssuming the nose down
direction as positive. (Note that this

is the opposite sign convention to

that used in many countries — Editor.)
In the case of point C of the envelope
the lift is directed downward. The
flexural axis lies in most cases behind
the aerodynamic centre (mesured
along the chord from nose). Moreover
the section centre of gravity lies behind
the flexural axis when the inertia forces
are being directed upwards. In such a
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case (fig. 18) the moment coefficient
consists of the sum of the expressions:

Cm e Cm a.c. 2- CL X Tl + Cmas X ?2

where:

Cn = total moment coefficient

Ci ac. = aerodynamic centre moment
coefficient

CL = lift coefficient

Ch.s = mass force coeffecient

r..r, = distances to flexural axis

related to the chord.

In the case of point A of the envelope
(fig. 19) the terms:

C., X T,and C,,, X I, have the oppo-
site sign to the

term C, ,... giving a rather law value for
the algebraic sum of C,.

Observing the diagrams we come to
the conclusion that the gliders having
single-spar wings (SZD—22 Mucha
Standard, SZD—24 Foka) show rather
low values of twisting moment at

point C of the envelope, when compar-
ed with gliders having monocoque or
multi-spar wings (the rest of the
example gliders). This depends on

the chordwise position of section twist
centre. For single-spar wings the
section twist centre lies farther for-
ward in the wing than for monocoque
or multi-spar wings (fig. 20).

In most gliders the twisting moment of
the wing is carried by a torsion box
stressed independently of the moment
direction (upwards or downwards).
Therefore the twisting moment of
point C of the envelope becomes the
limiting strength case for establish-
ing the skin thickness.

4. AILERON

The aileron leading results from pres-
sure distribution along the chord of
that part of the wing which embodies
the aileron. The shape of this distribu-
tion is assumed according to the
linearized method (fig. 21). The triangu-
lar form of distribution on the aileron
with maximum pressure value of 2p
gives the mean pressure of p. The
recommendations for load calculations
require that the full up and down
deflection of the aileron at speed V,
is accompanied by pull up to points
E’;, and E”,; of the envelope with

load factors ng,;, = 1/2 ny; and

ng.,; = 1/2 np, respectively (fig. 22).
The results of calculations for several
of example gliders are gathered in
table | where the down deflation (5*)
is assumed as a positive pressure and
uf deflection () as a negative one.
The strength limiting value of the load-
ing appears for full down deflection of
the aileron in normal flight or with full
up deflection in inverted flight. In most
cases however the former gives the
greater load value.

Since the pressure distribution is
always triangular, the maximum
pressure case is the strength limiting
one for both bending and torsion
independent of the section twist centre
position.

5. Flap

The loading of a lift flap is to be found
in the same way as for an aileron.

The problem is however simplified
because the flap is used only in normal
flight that means only in the positive
part of the envelope (fig. 23). The dia-
gram shows that maximum bending
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and torsion occur in the case de-
scribed by point F, because at that
point the maximum of load factor

Ngs is combined with the maximum
dynamic pressure, obtained at speed
Vr (in the range of speeds permissible
for flight with flaps extended).

6. Fuselage

The fuselage is subjected to various
kinds of load. Load in flight as a conse-
quence of pull-out manoeuvres or
gusts are defined by points A, B, C, D
of envelope’s periphery. In this case
the fuselage, treated as a beam sup-
ported on the main wing fittings, is
loaded by external aerodynamic force
acting on the horizontal tail and by a
system of inertia forces distributed
along the fuselage longitudinal axis
proportional to the mass distribution
(fig. 24). There is no rotation of the
fuselage, so the inertia forces are
produced only by the linear accelera-
tions. All the above forces are in
equilibrium with the reactions appear-
ing on the main wing fittings.

In case of tow rope loads we observe
another shape of load distribution. The
external forces on the horizontal tail
and on the towing hook produce linear
accelerations. Since the point of
application of the tow rope force lies
at some distance L from the c.g. of

the glider it produces rotation of the
fuselage around the c.g. This motion
involves rotational acceleration. In
consequence there exists a complex
acceleration system producing a
similarly-complex system of inertia
forces. All the external and internal
forces are in equilibrium (fig. 25).

In the case of load produced by sharp
deflection of the elevator the system
of external and internal forces and
moments is the same as described
above for tow rope loading, with the
exception that the load producing ro-
tation is applied at the tail.

The above discussed cases of loads in
flight are referred to the vertical plane.
The same effect take place in the
horizontal plane if there exists a
horizontal gust or sharp deflection of
the rudder or a sideways pull of the
tow rope.

Wing reactions po)

fig. 25

The ground loads arise mainly during
heavy or touch landing. (Editor’'s Note —
«Touch landing» is the literal English
translation of the original Polish ex-
pression. The nearest English term is
probably «nose down landing», but

the touch landing includes also the
case of the glider running into an
obstruction such as a molehill.) The
value of the acceleration and conse-
quently of the inertia force depends
mainly on the shock-absorber reaction
and the distance of its point of
application from the c.g. of the glider.
The cases of most severe loads of the
fuselage for the example gliders are
plotted on diagrams figs. 26—31, where
the numbers denote the following
cases:

Point A of envelope

Point D of envelope

Tow rope down-force

Tow rope up-force

. Sharp deflection of elevator
Heavy landing

Touch landing

N O b G Nt

The shapes of the bending moments
diagrams are rather complex (in the
periphery region). The strength of the
front part of the fuselage from the nose
to about 25 per cent of the total length
is governed by the tow rope load case.
The middle part of the fuselage com-
prising the pilot's seat, main wing
fittings and landing gear is critical for
points A and D of the envelope. The
rear part of the fuselage (from the rear
wing fitting to the tail) has several
variations of strength-limiting cases.
When the glider is of vertically symme-
trical fuselage cross section (that is, as
regards longeron cross sections and
distances from the main geometrical
axis, plywood thickness etc.) the limit-
ing case is downwards bending caused
by the sharp deflection of the elevator.
For asymmetrical cross sections the
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up-bending is limited by either point D
of the envelope or by the touch landing
case.

The diagrams of bending moment act-
ing in the horizontal plane are rather
simple and are therefore not presented
here. Analysis of them shows that for
the front part of the fuselage the limit-
ing case is tow rope sideways pull. For
the rear part of the fuselage the limiting
cases are either sharp deflection of the
rudder or the horizontal gust, whichever
gives the greater value of sideways
bending moment.

In structural analysis the above con-
siderations allow many load cases be-
ing ignored in the preliminary stage of
the design, since they have no signi-
ficant influence on the dimensions of
the structural members.

7. HORIZONTAL TAIL

Among the cases of horizontal tail load
the most significant are:

— sharp deflection of elevator

— vertical gust

— forces necessary to achieve the
periphery points of the envelope:

A,, By, C, and D,.
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Loads for several example gliders are
presented in table Il. The highest loads
appear mainly in the case of sharp
deflection of the elevator at speed Vp,
when the tail load is directed down-
wards. It is not, however, the limiting
case for both the elevator and stabili-
zer. To answer that question it is neces-
sary to calculate the pressure distri-
bution along the chord. In the case of
sharp deflection of the elevator the
most common shape of pressure distri-
bution (for negative deflection) is shown
on fig. 32 where:

P, — force on stabilizer

P, — force on elevator

X, — distance between P, and
stabilizer nose

X, — distance between P, and
elevator nose

X3 — distance between stabilizer centre

of twist and nose
The shapes of pressure distribution for
the gust case and for point C, of the
envelope are presented on figs. 33 and
34 respectively. The results of pressure
distribution calculations performed for
the SZD-30 «Pirat» glider are noted in
table Ill. For this machine elevator
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bending is greatest for the vertical gust
case (the greatest value of force P,, in
this case negative) but torsion is a
maximum for the case of sharp deflec-
tion of the elevator at speed Vp, where
the expression P, X x, has the greated
value. In most gliders the twist centre of
the elevator lies near its nose because
the torsion box is at the very front when
the rear part is fabric covered.
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The bending strength of stabilizer is
undoubtely governed by the case of
sharp deflection of the elevator at
speed V, as a consequence of action
of forces P; as well as P,. The last one
is applied via the elevator hinges.

The torsional strength of the elevator is
governed by the greatest value of force
P, with respect to the triangular load
distribution. The stabilizer torsion is
governed by this case which gives the
greatest value of expression P, (Xg—X;)
assuming that in common practice the
distance between the centre of twist
and the hinge points is fairly small, so
that the influence of the elevator hinge
reactions on torsion is slight. In all
other cases this influence cannot be
neglected. In most example gliders the
worst cases for torsion are either the
gust case or point C, of the envelope.
The general conclusion of above the
considerations is that the strength
governing cases for the horizontal tail
unit are: vertical gust, sharp deflection
of elevator at speed V|, and point C,
of the envelope. The detailed analysis
of load distribution along the chord
allows further cases to be eliminated

8. VERTICAL TAIL

The symmetry of airfoil and rudder de-
flections on the vertical tail yields equal
values of forces acting in both right and
left direction. The most severe cases

of vertical tail loads are presented in
table IV. These are: sharp deflection of
the rudder at speed Vy, or V, and the

horizontal gust. The greatest value of
load can occur either in the gust case
(SZD-27 Kormoran, SZD-32 Foka-5) or
in the sharp deflection of rudder case
at Vp (SZD-21-2B Kobuz-3, SZD-24-4A
Foka-4, SZD-29 Zefir-3, SZD-30 Pirat).
Results of load distribution effects are
gathered in table V as numerical values
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for Py, P, and x,, X,. The limiting case
for fin bending appears to be either the
horizontal gust or sharp deflection of
the rudder at speed Vp,. Fin torsion is
limited by the gust case. Both bending
and torsion of the rudder are limited by
the case of sharp deflection at V. The
above conclusions are based on the
same philosophy as employed in the
discussion on the horizontal tail.

The general conclusion of vertical tail
load considerations is that the govern-
ing cases for fin and rudder loads are:
horizontal gust and sharp deflection of
the rudder at speed Vy,.

9. CONCLUSIONS

At the very beginning of the design
process it is very interesting to know
which load cases are the governing
ones for particular components of the
glider. Design experience allows a
great number of load cases to be ele-
minated to obtain only the most severe,
which decide the dimensions for parti-
cular members of the glider being
designed. In the preceding paragraphs
are discussed the loads on wing, ailer-
on, flap, fuselage and tail unit. For

loads and their influence on strength
considerations discussed. The govern-
ing cases were emphasized. A summary
of the results obtained is as follows:
Wing — point A of envelope in
upwards bending
— point D of envelope in
downwards bending in the
case of wooden or ortho-
tropic material designs
— point C of envelope in the
case of low torsional stiff-
ness of the wing, or high
value of speed Vy
full down deflection of
aileron in normal flight
— full up deflection of
aileron in inverted flight
flight at speed Vy with
load factor ngs
tow rope loads for front
part
— points A and D of envelope
for central part
— sharp deflection of eleva-
tor or point D of envelope
or touch landing for rear
part
sharp deflections of con-
trol surfaces at speed Vp,
— gusts
— point C, of envelope (for
horizontal tail only)
The detailed limiting cases
depend on the shape of the
pressure distribution along
the chord.
All the above remarks are to be treated
as recommendations for the designer in
tracing the first approach to the shape
and structure of the glider under de-
sign. The full technical ducumentation
requires, of course, the accurate analy-
sis of loads for the full range of loading
cases.

Aileron —

Flap -

Fuselage —

Tail unit —
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