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I \T RO DIJC'I I ON

one of thc nost inportant requircnants
to be )nct in glider dcsign is to rcduce the
structufal nr35s as far as possible, Thc lo\,Jer
the cnFty alidcr weight, thc sider is thc
total mass lj:rriation range for thc rssuncd
oll up lleigh!, cspecially uhen catcr ballust
instal lation is trovi ded.

The dimensions of the elenEnts md, in
con\c(lucncc. the mJs\ of the sIidcr prinlry
structurc deperd on the loudings calcLrl ted
for a1l thc critical flighr and ground conili
tions, The valuc of these loadings results
from the prescribcd load factors and air-
speeds so long as the 8lider is considercd as
tu rigid body-

The real structure, howcver, has its
specisl clasticity depondirg on thc geonetry
dd atcrials used. Undcr the action of tl)e
loadinSs therc appears distortion and dis-
placcrcnt of the structurc points.

This distortion produces somc allevia-
ting affect as a consequence of the energy
rbsorption and the mgular displaccncnt of
the Lift surfaccs (changes in incidcnce).
Borr these flctorJ alfcct th. lierodyramic
forces or thc energy and in lhe critical
loading cases nay lead to a loading decre ent
of considcrable value.

'lhe calculations, of couEe, becone n'orc
conplex since it is necessary to dcfine thc
stiffness charictcristics of thc muin struc-
turc units. This lroblem is considerably
snroothcd ilhen thc loading calculations are
caricd on fo. lhe scrisl type or cven thc
t,roroiyto bernS the evolution of the c),isting
onc. Ir such cascs the stiffness values can
hc neasured during thc Sround tests and real
figures obtained.

The rcsults of the loadinS calculations
for thc glider considercd as & elastic lody
arc discusscd in this papcr rnd co'npared uith
those obtained for thc stiff body sarnple. /\s
a.n illustrrtion of the prohlen thc results for
scveral l)oIish gliders arc shown.

I'N D[ RCARR I AGE

Thc veftical kinctic energy of the land-
ing glider dcpends on the sinking speed valuc
ItV^'r prcscribed by thc requircnents

-k "red 2

xhere: n = reduccJ nass of the gliJcr
duc to the ccLentric impact.

This energy is to be absorbed by the tire ancl
tube and shock sbsorbinS elenent (if used).
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The absorbed encrgy:

e. = la n

Rw = gxomd reaction on the wheel

h = rcsultant glider c.g. displacenent
depending on the tixe and tube and
shock absorbing ele'nent characteri
stics.

Since the kinetic and absorbed energies nrust
be equalJ thc ground reaction for the stiff
structure can be defined:

R = 1470 kG.

In projecting a new glidcr design, it is
ncccssary to dcfine thc stiffness of at least
the fuselage and the \,ring to obtain the data
for the flutter critoria calculatio!.

These dat a
ture de fl ection
the nass foices

R

n - load factor for lmding condition
lv = all-up seight of the sailplane

Replacing the continuous nass of the tuselage
and sing by the systcm of concentrated forces,
there can be found the deflection lines (Fig.
1). The energy absorbed for the structural

allou one to find the struc-
arisins under the action of
in respect to the load factor

Et=

Thus R = -h

=**,n

Such a catculation perfomed for the sailplane
SZD-38 JANTAR 1 gives the result:

Ek = EA = 47.5 kcn and consequently

ED=!tnPlfi

FICURE 1. Representation of fusclage and iting by a systeE of concentrated nass forces.

\
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P. = concentratcd nass force
l: = structure disDl:rcement in thc sta

t10n or thc torce v..

The distoftion encrgy is absorbed mainly
by thc fuselage and wing. Since the kinetic
encfgy of the landing glider is padty ab
so$ed for the st cture distortion, thc
gromd reaction is defincd now fron the equa-

_l "lr A

l:or thc glider SZD 58A .IANTAR I tlie distoftio
' r-rsy i. ..^ . 8.1 I 'n and rcsulrq :1 the
e,our J rcJ.l :on cirg a duced lo tl_ \d,,re of
R - I3t0 k.. hc ela-l .
dgrations a1lo ed for thc ground reaction de

AR = 1470 - 1310 = 160 k(.

'lArL sKrD (0R l\'llEELJ

'lhe tail skid or vheel nomally has no
shock absorbing element. Thc skid inpact
t^orce is calculatcd on the basis of the rc
quircnents fomuta conPrising the terms de-
pending on the glider geonretry znd nass.
Such a calculation in the case of the nrotot
glider SZD-45 OGAR resultcd in the tail skid
load in g:
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Thc fuselage rear section of the notor glider
SZII 45 OGAR has been designed in the fnrm ol
a slender conic duraluminiun tube. Such a
structure is a good shock absorber. The tail
skid glound reaction calculated in respect to
rrre ^lo t ic lL,.er"C- r.ar spctioa is:

R = 127 lL,.

The load decrenent is then

aRNt = 211 127 = 84 kC.

The alleviating capability of the OCARts
fuselage ls rather high, but nearly all
noden fibcrglass sailplanes have slcnder
Iear fuselage tubes uith extrenely small
crcss sectionj pmducing a very elastic

AILERON

on gliders of the nornat category the
critical ailcror loading appears in the nost
cases for the fu11 down-deflection of the
ail-roa ,t 'l, d'r"p^cd \^, or lo.,/( ol rhF
full Johl dcrlcctron rr lFe rrrqpeeo VL.

Thc aileron loading depends on the pres-
surc which, accordinS to the linearized dis-
txibution along the wing chord, has the tri-
angurar fom (ris. 21. The pressure on thc
hinge station is dcfined for thc stiff ing
by neans of thc formula:R = 2ll k(l-

jt -f
J-/{

Li.neari?ed distribution of pressure atong sileronFIGURIT 2.
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The clastic wing un
gets the angular distort

.,=f (m)" '
where the torque monent
sional sti ffness GJo are

"- '( is ' '''"::,".!)
* r:'. o.s, #. ^."+r^]
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,tat

aio + boL

Sfsn*o

dclldd=
d)nanri c pressure
{ing lift curve s lope

C'". = ff:"t:-"Hi:i'1iLil -*'* "
r = ailercn to wing chord ratjo
aczlrB= slopc of lift coefficient versus

aileron deflection
aC /,8= slope of monent cocfficient

3i l --ron defl e.r i on
R = lil eron deflection

der the torque ibment

!L and the wing tor-
the functions of the

lhe incidence of the distorted wing is:

od.st=d-A

alrd in the consequence the aileron pressure

Since the distortion angle and the lift
distribution are varying with the span sta
r:on ), lrre p.--su c value pr i. a fur cr ;o-r
of ail.ron span.

The results obtained for the pressure p:
for the aileron of the glider SZD-30 PIRAT
are the following:

Pc = r45 kc/n? for the stiff uing
pl , ll8 kG lz lor rha cla.r ic \inc

ILAP

The flap pressure is calculatcd on thc
basis of thc sanc fomula as for the ailero .

It is casy to observe that the torsional djs
toftion of the uing on the inner poftion of
the span If1ap rcsion) is considerably lo(er
than on the aileron region, thcrcfore, t|c
allcviating effect of thc distortion is rath-
er poor. I-he rcsults obtained for SZD 3E
JANTAR I are the followjng:

n 'zS la,/nL io- rlr s':l'f !rr8 bnd
Dr 14.4 1,' /t z for tra .l ,"1ic s'r g.

Ihe elastic cffect on the tlap loading
is of no inportarce.

I{ORI ZONTAL TAI IP[,{NE

'lhe critical cascs for the horizontal
tailplane loadiDg are generally the condi-

. full elevator dcflcction at the airspced VA

.1/3 of fu11 elevator deftcction at the airl

lhe second condition nearly always leads
to thc wing incidence excecding the load fac-
'or lrn l i ,tos J b) , ., ,o1d en.-lopp
in V diaersn) and thc alleviation of the
roiding depends on mother philosophy than
the elastic phenonena. Therefore, thc VD
casc is ot m intcresting one.

The tailplane force t'or trim depcnds on
the tai l less monent coefficicnt:

on - - arrr.Yf
cntl,

cs

"rl

The tailforce for trin is obtained, when
the necessary clevator deflcction for trj is
rppried (Fis. 3) where:

d = wing incidence
E = winc downwrsh
8tr = clevator angle for trin

= tai 1lcss monent cocfficient

= dynmlc pressure
= wing mem standard chord
= tailforce arn in respect to the

slider's c. g.

wherc both values concem the case of r/3 of
the maxinun dotrn deflection of the aileron at
the airspecd Vn.
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!
P,"

taj-

FIGURE 3. Horizontal tai 1plane trin angle.

The fuscrage bending elasticity disturbs
the relation bet(een the stabilizer incidence,
d-€, and the €levator deflection for trin,

The tailforce for tdn for nost of the
sliders is directed do n\,Jard and produces
the positive tailplee incidence increnent A

iFis. 4).

To restore th€ trimed flight condition
it is necessary to deflect the elevator to

Btr=Btr+ABtr

Or rLrp ra.llo.ce lor r.in, l',,, rhere:.
sJperinnoscJ Ihe railiorce.P! rnfol!"d by
Lhc IuIl de{lecrron oI rhe ele,,rtor.

lhe lorce Al,, depends on
de fl ection incremint:

AErr=Fltru*-Bt"

where BIInax is the naximum elevator defle.-
tion to the stops.

The fusclage bending elasticity, hoNever,
is not the deciding alleviating influence.
The elevator deflections arc rearized by ncans
ot' the control circuit fron the pilot's hand

to the control surface. The particular ele-
nents of the control circuit suffer the
strains due to the strcsses arisinS in then.
There appeais also the displacenent of thc
brackets and thc structural elenents to which
the brackets are fitted. It is, of course,
nearry inpossiblc to calculate these strrins,
but therc are avaitable the data bascd on
statistics, especially when the stiffness
Srou d tests arc carried on bcforc the first
fl ight is realized.

Special neasurcnents have been carried
out on the notor glider SZD 45 OCAR. There
has b€en rcgistered the value of the force P

nece..ary for the c.l.vator d.flpr lion. 8,,^
wrea rhc "r icl ir lhe coclp:r \as frred "*
to thc stops (lig. 5). The force P has been
applied in the distmce of l/3 r t in reslect
to the hinse, reproducins the hinge rnoment:

4

I
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2

0
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p,, Ik6]
Ilorizontal tai lpl ane incidence
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Nr =h/.;lP.?

nccessary to balancc thc strrin eliect ol the
systen, Thc hystcresis on the diagran de
pends on the system friction.

l'^ .. .,1r ,,' l-!(r-un n-.c

A3 = .H llmrx "fr "tto

Thc rcsultant tailptanc force:

Plt..r - Pn * I i'tr - Prut.

P - tl.e -L Dend I lt or'
rl- la'lpllrre n, s -nd,1, a.!c-
leration produced by the tail
force incrcDrent APH.

The results obtajned for the notor glider
SZD 45 OGAR are listcd i the table below:

The cal culation rcqui
mcthod bccausc the angl es
onc on the other.

fhc r.esulta t tailforce increnent is

,rp = JCrt 9r,! --^- H ,ott otslt " -f : 1l

! . .or' or ,l,e '.,rllt,r ' trr' ,u \'.doH

aou = change of thc tailplane incidence
"E, hr'Lr 'n l, \,ro, l^ tcc. o

\i = tai lptare area

FIN A]'iD RUDDER

For the fin and nrddcr loadjnSs the sane
considcrations crn be applied as for the hori,

.cs a step bI step
ABH and Brr! depcnd o" .". [tc]

Elsstic Cont ro1
circuit and elas -

stiff
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zontal tailplane except in the forcc for trim
shich foi the veftj.cal tailplane is equ!1 to
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816 24 pv.t"]
llastic rudder distortion under
hinge no rent loading-

The elastic rudder distortion undc! thc
hingc moncnt loadirg has been measurcd for the
SZD-45 OC"AR notor glidc! iD thc sanc manner
3s on the elevator. 'lhc results are shown on
the diasrarn (Fig. 6l uhcxe thc distofiion
angle is BVo.

'lhe fin Lnd rudder loadings calcutated
for the notor glider SZD 45 OGAR for the
stiff and elastic control circuit and fuse-
lage rcar section are listed in the table be-

N

N

ao

p
rffil

a

FICURI 6.

possibi lities

CONCLUSIONS

gl idcr undcr calculation is
an etastic body there are sone
of alleviating the loadiDgs at
conditions. The distortion of
changjng thc incjdencc of the

contr.ol surfaces or absorbing a portion of
the energy :llloi.vs for decrement of the load-

The naneuverins loadings, cspcciarly on
the control surfaces, are considerably alle
viated due to the elasticity of the control
circuit elencnts. Such a calculation allous
for the dcsign rcduction of thc gtider nrass
as far as possible.

o" ,". iuc)

Full rudder srill lJsci.l tr'ri. cor,t.ol
deilecr ron (onr.o .o.rrol Lir.,r' Jnu l, -
at vA circuit circuit tlc fuselage

Elastic

! 152 -4
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