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I.INTRODUCTION
To obtain the best shape of thc spced polar sailphne

designers pay the special attcntior io the high specd
portion oI the curvc responsjble for the conrpetjtio

To move the speed polar towards the high speed
region water ballast is used. Therefore, recent sailplanes
are equipped wit}l tanks in the wings enibling one to
carry more and mote water. Thewaterballast mass on
the modem I5-m span gliders (standard and flapped
ciass) reaches a value equal to the mass of the empty
glider. Such a grea t mass irlcrement improves, ofcourse,
the high speed performance but requires some penal

a

costs to be paid, manlly nr lowered controlability and
increased loa.lints.

The main design paranleters responsible for these
characteristics are ihe ali-up mass and inertia moments
of the ballasted ship.

To illustrate the inlluence ofincreasinS waterballast
on the controlability and structural loads the particular
values have been presented for fie Polish competition
StaDdard Class sailplane SZD-55 havinS the following
design data :

me 215 [gl- emptv.JilpLne mrss, u ith ba.iccompe-
tition equipment included
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nb -waterballastrnass (maximum 195 [ks])
rn = 500 [kg] - desiSn all-up mass
b = 15 [m] - wing span
NN-27 - wing profile
CL*,=1.484 maximumliftcoefficient
S = 9.6 [ml - wing area
l. - 0.b874 lm I - mean standdrd r hord of win8

The analysis has been carri€d out for various water
ballastmassesranginSfromzcro b themaximunvalue
of 195 [kg].

As the variable the ratio :

hasb@n introduced.

For the SZD-55 sailplane t}te ratio o varies betwcen 0

to0.907. The analyzed rangeofallup masseswas from:

m =m"-P,+ m .i= 215 + 110= 325 [k8l

to the maximum allowed all-up mass (water tanks fl,ll)
of 500 [kg].
2. CONTROLABILITY

The variations in the amount ofwater ballast influ-
ences mairly the rolling and yawing controlability,
while pitchinS affected is not significant. The clecidinil
factor is the water tanl sPan which movcs t,rr': r.l q thF

winS tip when the water amount increases.
As a consequence the variation of the incrtia mo-

m€nts with respect to the longitudinal (i,) and vcrii.al
0 ) axes appears.
2.1. Rolling controlability

To investigate dre influence of the water ballast
amount on the rolling abilityofthe sajlplane thc Pir.tm
eter "k," has been introduced :

The product SA . y^ represents the geometdcal char-
acteristics of the rollinS moment and J, decides on the
gliderresponse.

The relationship of: k = f(o) for SZD-55 sailplane is
shown on Figwe3. For the maximum mass ratio ofo =
0.907 the decrement of k, ranges about 28 per cent. For
comparison the values of k, for several Polish glider
g?es are listed in Table 1.

Th€valueofk,= 0.86. 10 3 for SZD 55withnoballast
clecreases b k, = 0.62 . 10r for the tull ballast. This last
v.rlue corrcsponds to k.for SZD ,12-2IANTAR 28 s.til
ptaneof the Open Class. Ships ofthisclass are known as

req u irnrg ihe special pilot's attention during the take-off
especially in the very bcgilrning on the &ound run.
2.2. Yawi ng controlal'ility
Fo. the yawing .ontrolability the parameter "k." has

*.= t':t'
I,

S" - fin and rudder area (see Figure 2)
L, - vcrtical tail forcearmrvith rcspectto the glider c.g.

(scc IiBure 2)

i.- momeni of illertia in respcct to the vertical axis

The producr S, . L, reprcsents thegeometrical char-
acterjstics oa the yawhg flroment and J. decides on t]rc

Elider response.
nrevaluesof k"=f(o) forSZD sssailplaneareplotted

on Figure 3. The decrement of k foi increasing amount
of wateris slightlrr lo1\'€r (proportionally) than thatof k,.
The statistics for k value are lisied nr Table I.

3. CUSTCONDITIONS
Accordint k, the requirements (OSTrVAS, JAtt-22)

the gust con.liiion airspccd is established for the maxi-
mum atl'up mass of the gl;dcr that means for the fl,ll

k= s^'v^
I,

S^ - aileron area (see Fi$re I)
yA - dishnce ofdre aileron midspan ponrt \\'ifi respect io

the glider plane of synrmctry (s!! lriglrre l)

J,-momentof inertiawithrespect to thc lontihrdin.l

FIGURE 1. FIGURf, 2.
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TABLE 1. Controlability factors k* and k. waterballast. This airspeed is the same f orbothconfi8u-
rations rwith and without waier ballast.

The authors of the njrs'orih;ness r.'quirentcrts as
sunt.l that f(r ofcriirnral rcasot1s it is recomnrended
to gi!'e tlrepilotorlly (nr. valueof VRA forthemostsevere
nuss .onfiSuration. This, however, results in higher
structur.ll 1o.ds for the billastless confiSuration.

The analysis of tust conditioirs concerns the gust
nrtensi$' ofU =']s [n,/slntVtu andU = a 7.5Im/sl at

3.l.CustsoIU = + 15 Im/sl
followhg the JAlt'22.33s(c) requirement the Vu air-

"^-u. '{ \
V.- stalling speed for the maximum desiSn mass (i.e.

with full waterballast)

nr - maximum positive maneuvering load factor

Thesituation forthegustof U= + 15 [m/s] ontheload
envclope is shown on Figure 4. For the ballasdess ver-
sion at the airspeed Vr =Vtu the load factor is \. For the
ballasted versionVM =Vu and the same value concems
now the ballastless configuration resulting the load
factor increasing up to nr value. The increment An = n!
- n, depends on the water ballast amount which in-
creasesVR^. The va ation of VM versus the mass ratio o
is shown on Figure 5.

FIGURE4.
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The gust load fackx is defined blr thc fornlul.:

1Sn= .p^.k.a.u. .v"^
2 m.g

FIGURE 6.

lirlitcd and influcnccs ihe cockpit lo.dnrg possibiliti.s.
3.2. Custs of U = J 7.s [d/sl

Ilrc' dc'sign nrrximurn spc'tLl accordingio iAlt-
22.315(r) isl

v,= llt{ m.8
lkm/hl

air dcnsiiy at the sea level
slopc of the wing l ift curve

= 115 [m/s] gust iniensity
wing arca
a1l up nass of the glider

- traviiy a.celeration

whcre:C,,"," mininrum drng coefficlent of the glidcr.
Th( !arjatblr oi V,,vcrsus nr.ss ratio o for SZD-55

snilpliDc is slro\\'n (rn tiltrrre 7.

l', 1,.,.1 r'r.-...1 r.'l,d ir' rlrc,:me w.r1 .r' I
p.rragnph 3. L havc been plotlcd olr Figure ll as a hrn.
tjon of mass ratio o where the piriicular curves denote

c - Sust of +7.5 Im/sl in billasilcss configuration
f gust of +7.s lm/sl in ballasic.l configLrration
g - gust of 7.5 lm/sl in ballastlcss configuration

U
S

c

k=
0.88 . F

5.3+F
2.m

gust alleviation f.rctor

s.1..a
1,"- wing mean standard chord

For theballastless confiSuraiion thc liust nllcvintion
factor"k" has th€value foro = 0while turtheball.stcd
configuration it is k = f(o). Both k .ll Vr. \'.rlt,cs
influencc the load factor.

The.elationship of loaLl fr.tor \'!rslrs Driss rati() f()r
ballasted andballastlessconf igur.tior\s fo. SZI) 5a sril
plnne is plotted on Figure 6 wh.rc tlre Pn' ti.lrlir.ur\ cs

a'gustof 115[m/slinL.rilisllcsst('rli:!urntion
b - gLlst of +15In/sl in b.rll.rsic(l colrfi8uratbu
c - gLrst oJ l5lm/slin bnll.rsiless .(,\fituratiun
d - gust of 15 [m/s]intrdllnst.',1confi8u,iti(,r

The solid lines concern ihc positivc .1nd doticJ tlre
netative load fnctor values.

The shrpt olcun cs "l'" a,tl "d" ((Lrillisicd c(,,littr
r,,liolr) 5lt ,s thc ! ariibletradicni f(tr thehjShcrvalurs
ol mass raiio o sjncc the all up tnass of the sailPline is
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h- gustof 7.5 [m/s] in ball.rstcd coLrfiguraiio,l
Thc solid lines conccrn tl€ positive and doikd tlc
ncgative load fack)r valucs.

4. LOADS ON GLIDEIi COMPONENTS

4.'l Wing
The wing inflightisloidcd by thcacrodylumic and

miss forces (Figure 9). The shapc of the aero.ll'naDric
iorcesdistribution dcpcndson the circulatiolr int(nsit)'
alongthespan. The rnass forccs are distribu ted propol'
tionil tothcmassof wlngstruciurc (a drvaterbnlLlstoll
thc water tant span only). lvhen the b.llist nlass in-

creasesthewatertankspan movcs townrdsthewing tiP

Therefore the mass force result.nt irm rvith resPect !o
thc glider plane of syumretr,v incrciscs. Ihe aerolty
nanlic force resultrnt.rrm is not affcctcd by the lvatcr
balhst, brt the subtrnctirrg mass forccs moment in-
creases with thc ballast taik span.

To illustratc the ove ra l1 watcr bnllast i,r fl uence on thc
wing loads the calculatnDs of wint normal bcndhg
momcnt for ihe gustof + 15 [m/sj havebeen compleied
and rcsults lisie'cl in Table IL

ror thebnllastcd c{)nfiguraiion the bendnrgmoment
at first increascs, bui finnlly decrcascs again, own18 kl
thc nrfluence ol the watcr tnnk span and linited all uP
mass. f(rr the billastless configuration, the bending
rn.1,, rr' ..l.J ir' ,. . I p"-c., urL n lhouBl, ll\e mJ-. 

'(rnJirL
consiant, because of the increase in VL\- sce 3 above
This corfiguration becomcs the critical one when o

exceeds about 0.65.
4.2. Ti;lplane

Thc t.ilpl.]tre loading corlsists ofl
- forcc for trnn,

increnlental force due toihe gust actnxr or elevato r

Thc force for trim dcpends on theglideracrodyn.rm
ics rnil teometry and is individual for thc tyPe under

Thebasic inllLlence of the wa ter ballast varia tiotls is
reflected in the incremental force and mass force pto-
portiorlnl tn ii. To find the influence of thc waterballast
nmooft thc incrcmental force should be mninly exam-

i-
.6

FIGURE 8.

o erodlno m Ic

forces

woter tonk spon

FIGURE 9.
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TABLE II
Wing normal bending rnoments in the wing-to-fuse
lage plane of SZD-55 sailplane lN\ttl
Loading casc: gust of + l5 {m/sl

The valucs ofthefunctions:k,,^ and k,,,,vcrsus o for
SZD-55 sailplane have been pldied on liSurc 11.

4.3. Fin and rudder
To definc thc influence of the ivater bnllast olr thc

fusclag.'load the complex calculations should be car

ihe tailplanc force for trim dcpcnds on the acrody-
namics and geometry of thc glider,
rhc mass.li.tr ibuiion orr i1r. fusclage depends of llt'
c{).kpii l()rding con.liLir,1s,
lhL rrsuliaft.r.crlc'r.iLons (if the Particul;rr SliLlrr
.(nrrponcnts dcpcnd on ilt liuear and rotati('Lrl
nrolcnlcrrt nrtroduc&i bI thc iailPlane or fh and

4.2.1. Gust.nses
The inqremcntii trilplnLre f,\.i .Jl

(,)
*n"" -, .t..1.d,.\,,.' l-oa .l .V

ar - slope of the tailplane liftcurve,

, f 
t

D

o a

wing downwash near the tnilplane.

The variations of thc waierballast mass rntio tr iniltr
ence on the factor kand airspeed V, so the incr.rnrnLal
forcc variation can bc expressedby mean\ oi ihc fitcior:

s,,

,r"

I

'-l l
t.l

1.1

1.2

1.0
0.o

FIGURE'IO.

(k. vR^)","
forU=i15[n'/sI

r,^= {k' v*).=o

forU=t7.sln,/sl
.u,,= (k.v,,).=,

Thevalues ofr!^and ruDversusmass r.ltio o lor SZII
55 sailplane are pldted on Figurel0.
4.2.2. N{aneuvering case

The maneuvering ;ncrcmental force is:

t do,,

^P, 
.,^:2 . p,,. iH . ob, .G .5,.\'

crrr - tailplane incidence,
G,j - elevaior deflcciior nntlc incr(rlcrti

Thcincrem€ntal forccvarlrtions dcpcncl o V:va1ur:,so
the v{iA\jrn rictor is:

'),,,,,
). =,

4.2 o.4 0.6

0.
FIGURE 11.
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Mass rat lo : 0 o 0.907

cust of + 15 Imlsl 8002 6600

cust of + 7.5 [m/s] a194 1727

TABLE III
Fuselag€ vertjcal bending moments of SZD 55 sailplaDe for the wingto
fuselage rear fittingpianc [N.m]
l,oading case: veriical gusts

TABLE IV
Cround reactionon ihe wtleel of SZD-55 sailplane J^-l

compctition sailplanes follows from
the rcsulting performancc imProve
nlcni cspecinlly in strorlS thcItnils.

On the other hand the increased
r{nterballast rcsults in decreased con-
trolability and increased structural
loads of the sailplane.

Thc degradatior in fie (ollingcon-
trolability withincreasingwater isvery
noticablc. The yawnrS con!.olability is

Incrcascd waterballast produces a

considerabl€ increment h Sust load

The influence of the water ballast
amount on the loads of the various
sailplane components, as illusiratedby
lhe data for the SZD-55 sailplane, re
.luires the structure tobe strengthencd.
This, in turn, leads to higher rnass of
the empty glider and affects ihe cock-
pit load ing possibilities.

ruuucffi

With respect to ihe above the nrflucnce of thewnter
bnllast variation on the fuselage loads is a mulLPara
mctric function which requircshdividual analysis for
the particular loadinS cases.

As an illustration the luselage vcrticalbending mo
mcnts forSZD 55 sailplanc as a function of mass ratjo o
(lll dre planeofwinS to fuselagc fitiinB) is listed nl Table
uI.

The listed values show evidcnt ircremelrt of the
bendinS moment for the ballastless configutation (o =
O) lvhen compared with the full bnllasted one (o =
0 e07).
4.5Undercarriage

Th€ ground reaction R(, ac rg on the roll ing rvhccl of
the undercarriage depends the loading cncrgv I rnd
(lr'(l-rb"orbrnS(.rp.i il.r\ A.^lrl'"u dr',. rI r':

l.t, = (E,,A^)

The landing energy d.tc,rts o,r thi'tlid€r all uP
m.ss and therefore is influenced by ihe $;rter ballast
amount. The shock absorbing ability is indePendent of

Thevariation of the Sround rcactions with mass ratio
for the SZD 55 sailplane is shown in Tablc IV. The full
water ballast of 195 [kg] results the ground reaction
increment of about 30 p€r cent.

5. CONCLUSIONS

Th€ tendency toincrease the waterballast amountir
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