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INTRODUCTION

The paper presents both the theo-
retical and the experimental results
derived in (Ref. 1) concerning the
Flexibility effects on the loads of
clements of given construction under
the assumption of the random character
of their excitations,

Here we are interested in the
aeronautical aspects of these problems
(precisely: sailplane aspects). Cer-—
talin general problems were extended
and described in (Ref. 2), neverthe~
less, it would be seen that we should
give here some results of (Ref, 2).

THE CHANGES OF SAMPLE FUNCTIONS

leads
load

The structural flexibility
to the important changes in the
sample functions, The last one des=-
cribes load history (in time or in
space) at a given point in the struc=
ture. These effects are gseen clearly
if we compare elther loads acting on
the same element of the "flexible ver=
slon" and "rigid version'" of the gli-
der (it's so called "“global pair") or

loads acting or two elements of the
"flexible version" - called "local
pair" - of the glider.

What are the differences between
the two sample functions? Broadly
speaking, we can see (fig. 1):
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(1) changing scale of ordinate ani
(2) changing scale of abscissa,
which constitute a change in
quantity;

changing smoothness, which is
a cthange in quelity.

(3)

The pairs of the numerical
characteristics o , NO i.,e, the vagr=
ilance 0 and the mean value of num-
ber of zeros NO are involved in mea=-
suring the guantity effects.
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The smooth sample function, as
a function with neither wave nor sad-
dle will be understood from fig. 1.
Roughly speaking, it follows that
every two zeros are united with a
gle peak, Thus, the other pair of
the numerical characteristics = NO,
M (where: KO is the number of zeros
as previously, and NM the number of
peaks) as a measure of the smoothness
of the sample function is valuable;
for another measure see: (Ref, 2)).

sine-

The gust loads under considera=
tion are described in a unique way by
the one~dimentional stationary and

saussian random function (see (Ref,.(3),
"(Ref. 6))e It is easy to see that
every mean value which was introduced
follows from ¥, (k) the power spectrum
of the random ™ function considered

(see (Ref. 4)),

Thus, the variance of the random
furnction is given by:

V. (k) dk
/-

a Ireguency the mean number

(1L

62-_-

vihere: k

of zeros by:
= 1
5 5
J/f K™V. (k) dk
= 1 0 J
NOy = 2 b
J
%
and the mean number of peaks by:
3 5
K ¥.(k) dk
NM, = 22 ’
5 =T = (3)

K2¥. (k) dk
/ 3

It is well known that the power
spectrum of gusts @ (k) and the
transfer function of the j-th point
of the glider Tj(ik) are sufficient

to define of the power spectrum of
loads ¥ (k) by:
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¥ () = 90 |1 (ik) 2 (4)

The power spectrum of gusts
g (k) contains all the information
about the random function of the ver-
tical atmospheric gusts; on the other
hand, the transfer function T.(ik)
contains all the information about
the dynamic properties of the flexi-
ble construction, The latter is very
laborious and difficult to determine
and it had to be obtained by use of
the digital computer.

Finally, numerical characteris-
tics as given by formulas (1), (2),
and (3) were computed (see Tab. 1)
for the "Foka" and "Zefir" sailplanes,

On the base of the numerical re-~
sults derived the following conclu-
sions might be possible,
obmer-

Two kinds of change were

Vved -

the strong chanses: we could
see great numerical values and
a monotone character (a decroase

as well as an increase is nos-—
sibvle);
tne wealt changes: we could see

a comparatively smaller wvalues
and nonmonotonic character (a
decrease as well as an dincreazse
is possible).

It should be emphasized that the
slobal pairs in the presented analy-
ais of the effects of flexibility
play the main role.

For the local pairs it can be
noted, that in gmeneral, the observe
able chanpes form a wealt version of
the effects which we can see within
the global pairs. In a set of glo-
bal pairs, strons changes as well as
weak are possible,

~ The strong changes within zlobal
palrs H

(a)

the change of zeros
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TABLE 1
A Centre of Grav. A Middle of Half-Span
Foka Zefir Foka Zefir
rigid | flexible| rigid | flexible | rigid | flexible| rigid | flexible
NO 4.1 9.8 3.0 10.5 4.1 205 3.0 22.9
NM 14.8 20.0 16.0 17.7 L5 3945 16.0 29.0

The data concerned to about 20 km flight's path.

the change in direction fram

"rigid version" to 'Wlexi-

ble version" is great = we

can seec an increase of

zeros up to about 7-times;
(b) the change of the smooth-
ness measured by the ratio
of the number of peaks to
the number of zeros

the obszervable ratio is
great too - and we can see
the values equal to about 5,

The weak changes within global
Pa.rs contain the variance change.

In comparison with the values appli-
cable to the "rigid version', every
value of variance which is obtained
for the "flexible version'" belongs to
the interval (-13%, 35%), however,
the root mean square variations be-
long to the interval (-=8%, 35%).

THE CHANGE OF LOAD STATISTICS

The words "load statistics" are
used as a shorter synonym of the mean
number of crossings of the given
values of the load with a positive
slope.

Where the function is derived b
experiment (see: (Ref, 5), (Ref. 3)
it is denoted by Me(a), and where it
is found by use of the theoretical
tools (see: (Ref. 3), (Ref. 7) it is

denoted as Mt(a).

The change of the load statis-
tics within a global pair as well as
a local pair is apparent. We consi-
der the flexibility effects to be the
unique source of this change.

We will see that the change of
the load statistics is uniquely deter-
mined by the change of the numerical
characteristics which were defined by
(1) and (2). Therefore, below we will
give the expression, which determined
the theoretical load statistics in
this way.

We suppose, that Uj the variance,
and NO|j the number of zeros of j-th
point of the glider, and M?(a) the

experimental load statistic connected
with j=th point are given; and in addi-
tion, let o and YO ~be piven (they

are playing a similar role for the
r-th point of the same or of the

other glider). Then, Mg(a) i.e« the

theoretical load statistic of the
»=th point follows from the formula:

L

fay = " e (%Y
MI‘(a) = N-E); MJ GI\ (5)

The changes of the load statis-
tics follow uniquely from the previous
discussion of the change of the sample
function-
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The changes within the global
nairs

It was shown above that we have
both, the strong change (of the num-
ber of zeros), and the weak change (of
the variance). It follows that two
different types of the changes of the
load statistics are possible as shown
on the fig. 2:

we see an increase in
the number of zeros
and the variance,

cagse 'a'

the increasing number
of zeros 1s accompanied
by decreasing variance.

case '"b!

IMT M¥

a " a
g b

Figure 2

The changes within the local pairs

Comparing the data obtained for
the points at the middle of the half
span of the "Foka'" and "Zefir" sail-
planes with the data for the c.g., it
can be seen that for both gliders

the number of zeros increased by
about 200%, and the variance in-
creased by from 20% to 80% - thus
we can see that this case is like
case "a on fig, 2 (see: {Ref.7)),

EXPERIMENTAL AND
THEORETICAL RESULTS

The Department of Flight Mecharics
at the Technical University of Warsaw
in the vears 1956=6L has been occupied

with collecting experimencal data con=-
cerning flight loads on gliders, first
of all in thermal flights under clouds.,
The material has been published cur-
rently (see: (Rei, 5), (lef. 3), The
results whi¢h were obtained at that
time were rcevaluated and included in
(Ref, 1). One of these results is
given in fig, 3 and chows the experi-
mental load statistics of three types
of glider, It was obtained on the
basis of a rather small number of re=-
cording hours (for comparison the re-
sults were converted to 100 hours of
flight)Y. It is easy to see (compare
{Ref, 3) = for example) that the
scatter of the data may be larger
tnan the differences between the
values for the three types of glider,
This tends to weaken the argument
under discussion.

In fig. &4 are shown, together,

M®(a) the experimental load statistics
at the c.ge. of the "Foka" and the
theoretical load statistics for the
Cof. Of the "Zefir" ME(a) and for the
point at the middle of the half-gpan
of the "Foka" MEi(a), They were ob=
tained on the bisis of the foregoing
considerations and the previously men-
tioned numerical resultg,

Thus, the theoretical load sta-
tistics shown on fig. 4 tend to sup-
rort the doubtful experimental re-
sults shown on fig., 3.

CONCLUSION

The discussion and results under
consideration may be applied briefly
to the fatigue life problems which arc
always present in practice., We know
that the part played by gust loads in
the overall picture of the loads act-
ing on any saillplane is great (see:
(Ref..8) ).

The methods considered may be
easily extended to analysis and com-
putation of ground loads which occur
during the take=offs and landings.

In these two cases, glven a
knowledre of the determinisl’. model
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ot the dynamic properties of the pgli-
der design, we should have a realistic
model of the influences, Fortunately,
they have a universal character, but,
unfortunately, we are still a long way
from the moment when they have been
collected,

This work could be fruitfully
continued in the direction of the pos-
gibility of determining load gample
functions by the use of the digital
computer, In turn these might be used
as an input to the machine programming
the fatigve loads.
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