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]NTRODUCTION
riqid n nflexi len

Thc paper prerients botb the theo-
rctical ard the exterinentaf results
deri.red in (Rel, 1) concernintr the
fler.ibitity ollecLs on the foad€ of
c:Lcnonts of given construction under
the acEunption oi the random characler
ol their excitations.

Ilere vc axe lnterested in the
aeronaulicaf aspects of these problens
(]Jreci6efy: saihlane aslects). Cer-
tain Seneral lroblcms were l3xtended
and d116cribed in (Ref. 2), nevertho-
les, ',.o ir u- s ol 

'; vo hp-- ocr^ -a-r- r o'rP^ . ).

THE CHANGES OF SAIlPLE FUNCTIONS

The structural llexibility feads
to the inportant changes in the load
sanpfe functions. The last one des-.-:o^s lo.o : jory (in :fl' o'. in
.!..-) 3l e -iv, n poin+ n tn- . -r.-
iure. These effects are seen clearly
1f rve conpale either loads acting on
the sane eloment of Lhe rrffexible ver-ir.: rio r-a..ionrr ol lhe cr'-
o^r (:r ' so ;a - o t'a-oba I pdic"t or
foads acting on two efements of thetrffexille versionrt - called r'local
pairtr - of the Alider.

Ilhat are the difleronces betneen
the tlro sanpfe iunctions? Broadly
speakina, ( ris. 1):

NM=8

(1) chansine scale of orl]inate ard(Z) changing scale of absciijsa,
!v|c) co-6_tiul a ,ra f i'r
q Lan tj ty;(') cr:r '; snoornr-. ^, vrh.-h js
a change in qu. fity.

Th€ pairs ol the nurxerical-
characterislics o , NO i.e. the var-
iatrce 6 and the nean vafue of nun-
bcr of zero6 N0 are invofved in nea-
surinA the quantitv effects.
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The snoorh sanlfc functlon' as
a furction lvilh neiihor r,/ave nor sad-
dle r'r'i}l be underslood from fi:t' 1.
RouShfy s])ea]ring, it fo110r'/6 that
AVp"y !L1o zFro^ ar' u i . v,-,t . '.-
Ele !eak. ThuE, the othar pair of
the numerical characlerislics - NO,
IIM (r'rhere: N0 is the nurxber of zeros
as previously, and Nl,J the nurber of
pealis) a€ a measure of the smoothness
ol Lh- .a1plb Iun.Lio'l . v. .l-o ;lo- a.or". ^..: (qer. r)).

The gusl load€ under considera-
tjon are described in a unlque }ray by
l-^ ore-dir-r :o.a -l io.1rJ .1(r'ous.'an rarood "ur.lio,r rs-- (R^r.!/),
(Ref.6)). It is easy to see that
every mean value rftich vras introduced
tol1olvs "ro1 l,(') ' 6 o./ - p.c'.1"
of I 1F rano^r' ,a- | 'or cons-i Le.eo
( see (Rer, 4) ).

Thu6, the variance of the randon
function is aj-ven by:

(k) dk (t)

Irhe|e: k a frcquencJ the nean nunLber

k- 1i (r)

I

(2)

and the nean nuriber of peaks b.,':

( 3)

ft is v/efl knolrn that the polver
sFec Lrur o' . '^l 0 (1,\ and t'-
transfer function of the.i-th point
ol the ,Elider T.(ik) are sufficient
to define of lhe po{er gpectrurn of
loads v .(k) bv:

Yj(k) = d(k) lri(ik) l2 (4)

_ Tho potve- :pF.r-u1 o fu- s
0 (,{) cor I aj 1l f I r"e .orflarrun
about the random lunction of the ver-'ical al^losp af i. -u -J' on n o l

ha'lo, -n6 lrans-rer fun'io 1.(ik)
"on.Pi: all - - jiforr2 o Jooul
t\- dJ, ar: !"operl : : or' Ll _l r,-
ble construclion, The latter is very
Ia'or'ous aro d f c.r.l'o elernine
and it had to be oblraiicd by use of
the didital conputer.

Lr ally, urcri.:l c\rrr.'er' --'-s'6 a' 'n or lorr,'1 ('), ('),
:'o (') Lver. .o !L-p I (. ae ^ r L)
for the Foharr ahd Zefirn sailtlanec.

0n thc baFo of thc nunerical re-
sufts defived Lhe follovring conclu-
sions ni/tht'De !ossible.

T1,ro kind€ of char'rltc r/crc obs€r-

the stronf chaxqcGi vc coulii
see great nuncxicaf values and
a monotone character (a dccr-ease
aE velf as an increase 1$ pos-
si.ble);

: 1ve could see
smalfer vafucrJ

as an increase

Il 6hou1d be enlhasizcd lhal the
slobal pairs in the presented anafy-
sis of the effccts of ffexibifity
tLaJ lhe ain rofe.

For the local. p.1irs it can be
noted, that in SenaraL, lhc obsorv-
able chanlos lorn a }Ioa]r larsion ol
the effects,nhich \ue can see riithin
the global pairs. In a set oI Clo-
baf pairs, strorl" cban[es as ;ell as
veak are po56ib1e.

,h6 - -. .r .r i ,-. ri ,,, *-g!t-lBailgl- 

-

(a) lhe chanse of zeros

,= { 
,,

\

({"oz=*

$
(k

(k

j
Y.

k4

ff"'z=*

l

'- 1- re.!r chrnr.ee
a corirparaiavory
ar'!d ronmonoLonic
decrease as vell
iiJ ])ossiblc).



the chang. in directjon fr.rn,., :.r,-.:ori oi, {._
hfe v-.rsi on'r is dreai - v/c

increase o1'
zeros u! to about 7-ti.res;

(b) tha cl..ange oI thc snooth-
ncss measured by ihe ratio
of the numbcr of real{s tolhe nunber of zexos

the observable ratio is
SreaN loo - and l,re can see
thc valLres equ;rl to about 5.

The 1'raak chanies \..i1\ir: afoba.L
!a,Is contain the -fariaocc c\anEe.
In conparison ,,iiif Lhe values ap})li-
cable to tha rrr-i3id versionr', ovcry
value oi variarce r'r'hi.n is obtained
for the I'il€xible vorslontrbelor,:s to
th- ir.-\.1 -1 , ),,,ow- l,
lh- ^ool r'€. q.are ra:.:o s,--
lon8 to tha rrtcrval (-lj, f9i).

THE CHANGE OF LOAD STATISTICS

The lrords trfoad statisticstr are
used as a shorter synonyn of lhe nean
nunber of crossings of the given
values of the load with a posltlve
slope,

| 6"6 n 6 tLr.L or i: d-rivFd oJ
erpor'n - | (son: (oer. 5), (R"-. ,) )
it is denoted by Me(a), and where it
is found by use of the theoretjcal
tools (sc.: (Eer. J), (Rer.7) it is
denote l :rL 14'(a) ,

TABLE I

The data concerned to about 20 lm fliqhl rs path.
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The chan8e of the foad statis-
tics wilhin a g:Lobaf palr as welf as
a -o aL Pd r '. .l.r-nl , ,1" on.i-
der the ffexibillty effectG to be the
unique source of thi6 change.

{e rvilf 6c€ that the change ol
lhe foad stalistics is uniquefy deter-
ri4ed tiy the change of lhe numerical
.haracteristice vhich were delined by(1) and (2). Therefor-., be1o1', we l'r'iil
give the expression, vrhich deterninedI o L -orprlcal loal slaLi6Lics Ln
this w{v.

1';^ . Lrpuos-, 'har or rne vlrj€.^.,
and O. tlLe nunber of zeros of i-thJ^
loint of the sfider, and M!(a) the
experimental loaC statistic connecteri
with j-th point are eiven; and in addi-l:o, i.i -
a-- 1 'a. Lne " -... 'r- ^o. or '16
.- loir t o h- -!n- or or ('.
o '.r slio-r-'. I - , I:r(-) :. .. h.
theoreticaf foad stati6tlc ot ther-th Foint foffo,rs from the fornula,

uir.; = ffif u;

The changes of the load statis-ti s l'o1lo,! uniqu-.v f-o- -h. pr..viou:
discusslon of the change of th; sanpfefunction-

(+l) (s,

A Centre of crav. A lfiddle of Halt-Span

Zefir

rigid rigid fle)(ible riqid flexible Pierid flexibf,e

NO 4.r 9. B 1.0 4.1 2a. a 1.0 22.9

Ni4 14. B 20.0 1J ,7 I 5.9 16.0 29,0
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the chanreF lrithin the stobalpairs

Jt vas shown above that v,,e have
both, the strona chanBe (of the nun-
ber of zeros), and the weak change (of
the variance), I', fofloxrs that two
different tylos of the changes of lhe
load statistics are los6ible as ehofrn
on the fi8.2;

wilh roflectins exp-arirnenrar .iata con-
r'r' l1i ' or J o I d-c , li-'
t 1 : -a*1, I . .1'., 11 ,b- .lol- )st

1'he material haB beqn publlshed cur-
rcntly (see: (Re1.5), (.1ef. J), The
results hich I'rero obtai-ned at that
tine vere roevaluai:e.1. and incfuded in
(R-". -), o'1o o! ' | 6. - .a-u I js
oj /-'l r f: ,. ' .1d . or1.. -re 6.t6.i_
ncntal loaC statistics of throe tJles
of 8Iider. It was obtained on rhe
basis of a rather snafl number of re-
cor.iing hours (for conparison the re-
sult5 ,,yere conr.erted lo f00 hours oi
l lr 1'). J. : . y.o dp ,coip€16
( ..'. J) - roc \€np l-) r
Ecatter of the data may ba larger
i'a - i.'f -,.- b. leen in.

values lor the lhree types of glidor.
This tends to eahen thc argurlenl
under discLlssion.

increase in
the nunber ol zeros
and the variance,
'.e th'r' a. 'r6 n rba"
of zeros is acconlanied
by decreasin€i variance.

In fig. 4 are shor',n, togelhor,
Me(a) the experimentaf load statistics
at lhe c.C. of the 'rlokaI and the
theoretical foad statistics lor the
:.T, of I '{ (-' .no or t -
Do.;nl r r'- iddL. o^ -hl-I".
61 15. t1oL.tt l.l!(a). Thel re.e ob-

i d o, "^,.rr, - o. n- to-.1o c
considerations and the previousiy men-
tioned nunorical results.

Thus, the theoretical Lo.Lil sta-
tlstics shovn on fia,4 tenal lo €up-
]]ort the doublful experinental re-
sults shoirn on fi::. 3.

Fi qure 2

Tl a 'r a p-c rirh-in LhL .Local olirs

Co.rtaring the data obtained ior
the loints at the Diddfe of the half
span of the rrtriokarr and 'rzefiri sail-
planes ,rlth lhe data for the c.g., it
ran be soen that for both gfiders

the number of zeroE lncreased by
aboL O0%, 1.ld hc variance i1-
creaFed bJ fron 20:l to 80% - thus
lve can 6ee that this case is l1ke
case I'afl on fiA. 2 (t;ee: iRef.?)).

E XPE RI I.{E NTAL AND
THEORETICAL RESULTS

CONCLUsION

in
The Department of Flight

lhe Technical Universi.ty ol
the vears 1956-64 has been

The discuFsion and results under
consideration nay be ap])lied brlefly
to tho fatigue fife ])roblems I'rhi_ch aro
al$aJn lresent in }]ractice. ,'y'e hno\'r'
that the j)arl pfayed by gust ].oads in
the overall ])icture of the loads act-
1n6 on any sailpfane j.s sreat (see:
(Rer, .8) ).

The nethod6 consi.lered rnay bo
easily exlanded to analyrjis and con-
putation of tround loads v/hich occur
during the tahe-olfs and landinjs.

In thesa trr'o cases, 6iven a
knowledge ol thc .ieterminicli rnodef

I.{echaric6

occutied

l0
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ot the dynanlc lroperties ol the i,1i-
der design, 1ve siould have a realislic
rnodel oi the influenccs. Ioriunatcly,
they have a universaf character, but,
unfortunatelJ, ive are stiff a long vray
from the noncrt lrher they have been
colfectcd.

This rorh could be fruitlu.lry
conLinued in the direction of the pos-
sibiliiy of delenninlnS load santle
lunctions bJ th-. uso of the di8ital
cornputer. In lurn ihese nicht le us'.d
e .a i p!, o'1" .'l
the fati$,e I oadF.

?.

8. J. Ced€on Impr:ovements j.n

J. Zbrozek Atnospheric gusts,
JRAS, Januari r96j, N. ?Z-4i.

fa lj fue testi,rd of.ojtpl:1ne:.
O:TIr./ Iubli.oiio. (T ( tETO )
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