
INVESTIGATION OF OPERATIONAL

FAIIS'IFE CHARACTERISTICS OF THE

SAI LPI.AN E I.AK. 12 " LIETUVA'
by A. Ushakov, GAHI Moscow, V. Paulauskas, Sport Avialion Prienai,

and J. Barei5is, Kaunas Polytechnic lnstitule, USSR
Prescntcd at the XXI OSTIV Congress, Wicncr Neusladt. Arsrria fl989)

SUMMARY
The papcr prcsenb operationat suNivabiliry characl,crisric

investigation mcLhods adopled for parrs made of composite
materials in thc ccrlification ol thc LAK- l2 "Lietuva" sailplane.
Rated condidons, quality control and mainhinabilily charac-
teristics havc bccn deknniDcd. Thc paper includcs lhe lull-
sldle sailplanc co,nponent su-rvivability iesl results, Opcra-
lional survivability chdraclcrislics of theCM plrls dclcrmined
by way of theoretical and cxperimenlal invcsljgaLion providc
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lhespecilicdin scrvicc safety level oftbc LAK-12 "Lietuva"
sailplanc during iis service life.

IN'fRODUCI'ION
The main criterion lor providnrg safc life offie sailplanc

perls nradc of composite rnalerials (CNf) is '?n operarional
survivabilily" which is predicted in the stagc oi tcchnical
proposal by calcuhdon, js achieved in $e projccl srage by
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dcsign^cohnological means, and subslanharcd in lhe cerlrti-
cadon stagc by calculalion and expcrimcnlrll aflalysis a d is
nuintaiocd in useby pcriodical intcgrily checking and resto-

ration of thc sEenglh by suitable rcpairs-
Thc work relatcd to analysis and providing ol opcrational

sur!ivabiliLy charactorhlios lbr lhc CM pans, rcquircd in all
stages of lho saiiplanc dcvelopmenl is carried oul in the

certificadon slage in linc widr the following inlerconncckd

-lbnning 
ralcd condilions of opcradond survivability;

-- dcornrination and providing spccificd charao@risdcs ol
rl|c conlrollable CI\,l par$ 6king irto considcradon check

Indriods in.r widc'scale production ard irtcndcd use;
,--<jelerm in!!ion md Dmv ld ing of thc spcci fiod mdnlainabil-
iry charircterNtics ol L\o CIvl pais oking inlo considcraiion
cliiciency and labo.conEnt ofUc durJbilily rccovcry melh
ods;

-rahd cxperimcnhl doterminalion rnd providing of re-
quircd rcsidual slrcngth ch?uactcrislics of dre dl0ugcd CM
parts:

- determinationandprovidingof spccilicdcharacerislicsot
rhe CNI parLs salc use in lerms of lailurc probabilily.

'lhc \Jlur. ul Lhc (,nerrtronrl .urvivbhililv rh3,rclcrinr.
obkined arc comparcd wilh design oritcria, such as admis-

siblc failurc probability in scrvicc lifc Brd allowed llrvel ol
sprirlr. lilbor con\umptiDn !)r milinrcnln(c. mrntmum mris
of lhc structurc,

We chose for invcstigalion the rnosl crilicrl and highly
,o.rdcd gdrb rnade of CM -suchrs the wing.conrpdsing lwo
pancls (Fjgure l) and subilizer (Figurc 2), lhc inlcgrily of
which subsl.anlially dclcrmines safc Iifc oI lhc sarDlane. lhe
wing pancl and stabilizq cnclosures represcnl llrcc laysr
struclurcs colered by skios of glass plaslic on Slass ciolh
tabric rcU-8/3 BM-78 and epoxyrcsin ED-20. ThcPB-I-65
plaslic foam is uscC as a trllor. Thesparlocalcdinsidolhewing
lorsion box has a H- shapc in sccliorl. The spar boo s iuc
nade of unidireclonal cartlon plastic oll a base of cltbon lapc

LUP-0.2or ELUP Pand cpoxy bindrDg 5 2l lB.

I. RATIID CONDITIONS
The dcsign condidons io lhe cenilicatioo $age delerminc

lheamounta l rype of the load appljed, xlso lhc climadc spcc-

txrr influcnces propenics of lhe CM parls and nceds to bo

urken inlo account when carrying oul !cs!s of fic lull scalc

structues for failure of hosc paris. Thc rc$s a.c planncd on

the basis of the technical requirsncnB accordrng lo fie widc_

scale produ0tion ila{a and llnaloguc conslJucLions scrvicc, and

also samplc lcst daa. Thc design coldiLions includc:

l.l Raled condilions rclated to climdit spccarum
inlluence upon crack resistsncc ofthe CM parts.

Subshnlial srength and sale lilb rcduction ol lhc CM parls

on polymcr base under the influence of climatic faclors is nol

only onc of thc propsucs distinguishing rhem from mctal

pans behavior, but also proscnB a scrious problcm, $e solu-

lion ofwhich requires more complerc and accurale description

of scryice conditions. The rated condiliols relaFd to climaiic

I,'igsr€ l. Wing panel di$gmm indicadng drnrcnlion imd

l&ation of dfiage. Blows of = d'c .rpplicd nr poinl.i A,B

facbrs aio formed widr refercncc lo basing lljgional d.atr and
flight mission in intcndcd ser!icc iuxj conprise:

a) climatic tacLors virialion trctwccn exkernc valucs:

-ambien! 
tcmpemturc t'-=-10"C: !-.=5.{'C;

-ambienl 
air hulrlidily p- ,=20t r p-,=91tt;

---nunospheric prcssure p = 760 llBl
b) healing ard moisrure concnl of rhe CNI pin!s cor-
rcsponding !o $esc cxteme climalic conditions-TakinS
inllJ accornl good $crmo-insulirling froNr cs oflhc
foan plasdc use.d os a fiiler in dc enclosurcs ofthe
wing panch and dtc shbilizcr, also likell curriagerl
\,vaar brllat in tlrc wing torsion boxes onc rnay con
cludc fiaronly cr(tcmal glass plas[c skin of d]c wing
pancl and thc slibilizcr cnclosure willbe subjcclcd 10

intense hc{tjng due Io sun radiatior. AL L\e spccified
ma{imum ambient lcmpcraurc value we assuine
!p = | 04 degrccs C as rarcd headng tcmperaturc. For
l}lc rcmaining pans of fte wjng and lor fic srdbilizcr
nadc ofCM including cdrbon plaslic marc.rials, we
assume Q = 22 degrccs C as rated hcating lernpcnlure
valuc. Equilibrium moisture content lcvcl in glass and
carboo plastics on the basc of cpoxy matriccs we
assumc to be equal to dG=0,847, in scrvicc, which
concsponG to a widc range ofclimatic factors.

!'igure 2. Stabilizcr diagram indicadng drmension and loca_

lion of damagc.
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c) lighLning and hail chdracteristics in the region.
Ilailstonc impacls and lightning discharge strokcs arc
anong fic main rc.asons ofthe cM parls damage.
Taking inro considcrarion spelific service ofthe
sporring sailplancs. probablc damage due lo lightning
suokcs or haiislonc irupacls in flight is neglelled.

1.2 Rated conditions relatcd to damag€-ability.
The design condirions rclatcd lo damagcabilily in the ceni-

ficalion stagc includc:
- dimensions and rocommcndalions on modcl building of
$eoredcdl technological faulls, appcuing in all thc shges of
componcn! manufacluring, which exist as the momenl of
going jnlo scrvicc and would notbe revealed during ib life;
--dincnsions and rcoomnendations for nodel building on
in-scraicc damagc duc 1() niddle .ud low speed impacls on de
parts,

As a raled dimension ollhe technobgical laul!. wc assunc
2l-tu,, bcginnirgfroor which i1 can be rcliably delecled in tho
produciion proccss by insrumcnhl chccking, alsoby meirs
of such nondesfuctivc lcsls such as acoustic, x-ray, imped-
ance. All inrcrmcdialc p.odrlcb (olcmcnt!, parit are sub-
jecled to poslopcradonel inspcc lion. I! is assumed thatdefertl
of )L 2l -". drncllron itrc clirnirurcd b, rJp.tir ur rejc. rion.
The 2Ld.,valuehas bccn sclon dc basc ofthc dah, charac-
terizing e|iciency of thc lcst rncdods uscdin widc-scalepro-
duction, also rhe produclion laullslisl ofthcLAK l2glidcrs,
made according to resulE ol lcchnical inspcctioos during
manufacture, inspection of drc glidcr rcquiring rcpair. and
comlnenls from lhe clubs receivcd in thc pcriod 1983,1986.

For lypical C M parls as r rated dimension oflhe produclion
laull wc assunc:

-lhrcc 
layor cnclosLrcs ol the wing skins and stabilizers

2L*,=150 mm for dcnts, stalifications, glue failure in a

rcgular zonc of fic enclosure (beyond l,\e glueing area wilh
hingc asscmbly, rhc slrucrurcand crrbon plastic sp.us);

-2Ld"=80 
mm lbr gluc f:[]ure, stratification in the enclosurc

adhosion area wilh hinge assenbly, rib struclure, also carbon
plasdc spers.

The above defe{Ls in the lesls of thc full scdc dcsigns are
simularcd on the boltoln surface ot' lhe wing skin and slabilizcr
enclosurcsin re are?r.s of m?Lxinum faults in thc lbrm ol-slils,
reguldriy oriented to the longiludinal &{is ol-lhc par! (Figules
I and 2).

-uing'piJ: drccJJhon tlJ.rti. \p-dh.\Jrn. ire lhcmdjorqrng
pitr6,lhe destrucion ofwhich cause wing brcak up. Thc mos!
dangcrous ofthcdclccts is cdge stftrrilicdrion, resulting from
low-spoed impacls. Faulls rcsulting in a full scale produclion
$ ith r loq cJtomrlion i( curJ. ) ol d,c wing 'pir cquipnr.nr
trnnsporLrtion and assembly dre mainly related 10 infringe-
menl of technological ol)emtions. As a ratei dimension lor
edge sratification in the ctuboD plastic spdr booms we arsune
thodimensiorofdamageresuhing at impacl appliei by a ste€l

ball ol1.5 kg m&ss 62 mm in diameler having energy. The
abovcimpac! is applicd by.rliowing the ball to fall fron 1m
heighton lateralcdgcs ol lhc uDpcr and lowcrcarbon plilstic

sparbooms in the maximum loedcd areas (Figures I and 2).
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Thernalysis of the operarionat faulrs lisi, made subsequent
!r insFccrion of the CM parls in dc l,AK-12 sailplanes in the
L lubi in lhe peflod ol Iqb5 lqUo. il,os,Lhr hcirnirrn rea,nn
is high wing and stabilizer loading ar lhc nome ! of touch
down in casc of he"tvy liurdings Go callcd "comprsses"). Due
1o thc lacr ha! Lhe wing panels and slabilizcr arc ofjnLcgml
conslruclion, opcrationrl daDage on thc ears aodribs may
nol bc discloscd during rcpair. Thercfore, we assumc as a mtcd
dimension thc followingl

a) wing spar:
2Ld."=15 rnm, ibr an cdgc clack in rhe carbon plastic

b) wing rib:
2L;=30 nm, for a crack in arib wall
2L,;=60 mm, for Llralificalion in thc rib walli

c) shbilizer rib:
ln thc cventofrib wall damagc, il is not subjc{led ro
r. p3ir bur rh( .tlb,li,/er r. rcmovcd lro| \cr\ i!(:

d) drcc laycrcoclosurcs oi the wirg lancland rhc
stabilircrl

Alier rcpair rhc nLcd dinonsions for operational dam,
agc in dlc thrcc laycr enclosures we irssumc fbrconc,
sponding typc zoncs as cqual to 2L"d.E2L"d..

lmpact applied during thc "compasses" ldnding is consid
ercd to be an acidenlal clcnt wlicb may rlke placeairhe very
beginning of the glider sc icc. I! mcans rirr the above
dimensions 2Ld,'coffespond !o Lhcorcticrl (design) case of
damagetheCMp 1dcfecl no! bcing revealcd dllling its entire
lifc.

Thc opcmdonal danuge is simulalcd by bc dclcct in $c
lbrm ol a slirin $cmaximun load areas of thc cofospondiog
CMpara.

1,3 SalctJ factors related to residual
strength of the CM parts.

Wilh rclcrcncc Lo thc methods given in (1) lhc requircd
safcly lcvcl of rhc CM pJrll according to "operational surviva,
bilily" conditions is provided by applyjng sel-ely lbclors
r.lared ru lhe re\iJuJ sucnsth r" . In lhc.c ilir lion proc("i
ol lull-l'rlc (unrtruruon. lrle irmc and 'c5iJ .rl .Iclt*r ul
thc CM pafs should be confirmcd lbr rc main cascs of
loading:

a) No design technological delacls 2L"d. md operational
damagc rcvcalcd duringits life-tine. For dris case rhe rccon
mcndc.{l value in (l) is f,'=1,5. Conscqucntly, Lhc lull,scalc
structures of thc wing paocls and shbiliiacr wiLh tic bove
damagc alicr lhLigue tesrs coresponding to lts life-timo,
lr*ing into consideralion the specilicd satity lactors, should
naintain the .{lowed residual suengdr

(p.*)"= 1.5.p"'*. (f,&,.\,) (1)
were p,*"=malilnum operational lo.rd:
fd= lac1or cvaluadng the rcduction of clack resishncc charac-
terisric of thc CM parl\, duc to the in il ucnce ofclimadc trcloN
dDring ihe cnfire senico life;
klkr=iactors crlingaccounlshon-terln rcduction of crackre-
sistarce chiuaclcrislic duc !o lhe inlluenco of lcmpcralurc and
humidily;
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b) Opcraliond damage of lhc CM parls obvious afier
gencral i spection, when noliccd by fte glider pilot. Accord
i0g 1o rccommenalation given in ( 1) lor $is case of the CM parr
damage f"-0,67. includod under fte heading is lhc damage
causedbibird encounters. Tcsls of thc full,scale constructon,
paJticularly wirh wing panels and slabilizcr nose damage of
2L*""= 100 mm havc shown that allowed residual sacngrh:

(p,e)"=0,67.p.*.(fd/q'kJ At
is sulTicient.

lf, during the intlucncc of climaric facbls is !obe simulalcd,
then fd=kr=\=1.

Ifclimaiic factors aie not simulalcd, we assume for corn-
prcssed zones of theconslruction ld'=l.m;q'=1.m q=0,83,
and forcxtended zones of theconsFuclio fd'=I 00;q'=1.C10;

\'=1.00. Afinapplyingtheabove values into cqualions (1,2)
we oblain, for conprcssed constuction zonosl

(P,e)'=1,8'P.-'= 12070PP'

(p""')'=0,8'p"'""=53% P;
and for extended slrLrcturcs:

(P.*')'= I 5P"'*"=1007, IJ';
(p" .f=0.67 p,'-=447, ptr

where pP, rared load.

2. SPECIFIED CH.TRAC'I'ERISTICS OI'
QUALITY CONTROL

Gcncr:tlly, thc intcrval between inspeclions of tlc CM parls

is dDtcrmincd by considerution of intcnsity ol opcmLio al
drnrus(rt,pc,r.'n.c.irr.pc. onrelraorlity.rn .crvrcc'trc'.c.,
.rnd crack rcsisl?urcc. TrLing inlo consideralicn the sailpla c
servicc condilions (widcdispcrsion ofthcclubs, iack of lhese
i srumcnlsandskillcdsuff iorcarryinginspe{tions)dimen-
sions ol ralrd il!fi noiogicrland in-servicedamage irechoscr
so thatrdatively grear damage of the CM piuts doesno(resul!
in a rcd uction of safety level in comprrison wilh thc speciiied

Figure 3 shows requiremenB lbr qualily corlrol ol wing
pan9l and slabilizer slruclurc scclions and arcas h icrms oi'
dctcciion probabiliry dcpcodancc Po (2L) agaiosl damago
dimcnsion al inslrumclla] lcst alr(i vjs0al inspcrtron.

Tbc rcpaircd CM parls al-@r lbliguc lcsl madc al a limc
coresponding 1o seNicc lifc, and uking into accounr ths
specified reliability factors relaled 1.J longcvity, should main-
tain admissible rcsidual sueng6 (p"'d')". detemined from
equarion l. lhis condilion seLs requircncnB forcflicicncy of
lhc damagcdCM parls rcpair melhods.

3. THEORtr]TICAL AND EXPIIRIMENTAL
DII'I'ERMTNATION OF THE RESIDUAL STRENGI'II
CHARACTI'RISTICS FOR DAMAGI'D CM PARTS
Two wing panels and one stabilizer ofdc LAK 12 sailplane

have been subjected 1() tcsl.
Tho wing tesl program inc ludcd Loading in sinusoidal cycle

or'!rrrable bmplrrudc b) uppllilg lorce sirnularing va4 ing

load factorof+5.3 and -3.0 in flighl.
Raled technological faulls 2Ld" and in-service damagc

2L; were applied acording to Fig0ro 1 After runnjng thc
specified numbcr of loading cycles bolh wing pancls wilh-
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Figure 3. Requircmcnls lbr quality conrol ot lhc CM pan5,

1 - spccial instrumental chccking of the wing splr booms

(crack and suatrfi cation deteclion)-

2 - sFcial visual inspcclion ol wing ribs (crack dclecuon).

J "pe.irlvi5.nl ,ns|cc on or rhc s:nd nb. 'r"LI...tuon
derecdon).

4 - gcncral complex (visual and i siruInenlil inspccrion) oi
li. *rr!t h)crw,ngdnd rtlbilircr cr'(lo'Lrc..n iLn. ti"nar rr.

5 general complcx inspelrion oflhe lhrcc laler wing and

stnbilizcr enclosures in rcgular area.

stood 125E of ralcd suric load wifiour obvious residuai
damage or sllrn. AllEr snnuiating "oblious" oprralional
damagc onc pancl wi!h!1ood i21./, !)! (lfrer 10,590 cycles ol
operation) while other paoel cndurcd 80% IP (aircr 15,ffn
clclcs of oF)mtjon). Rupture rrok place in the exEnded spar
boom a( dl] Imadon ola sliL,

Thc slabilizcr lcs! progran includcd loading by applying
lbrce, simulaing varying load faclor of +5.0 and -3.0 in fl ighl.
The teslcomprised lwo siages.In tic lirslshgc the shbjlizrr
withstood 8950 loading cycles wilhoul damage. Lrter defecls
of 2LG and 2Ld-'dimcnsions wcre applied (Figure 2). Aiier
17.000loading cyclcs and snbilizor withsturd 1307, Il ioad
wirhout rcsldual damagc or strajn. A1 "obvious" in-service
damage the residual static strengfi of rhc sobi lizcr is cqurl lo
1557, P. Rupture bok the form of enclosure srabiiity loss al
the point of impact application.

The lests have shown that arlifici.tlty applicd danagc in
highly loaded parts of de sruclurc didnoL gcrcxrcndcd duing
Lhc loading procc's. Rigidiry xnd trcLing sEe.r vrriariun wa'
wi$in measurcment dispcrsion.

4.DETERMINATION OT'IN,SERVICE SATtrTY
CHARACTERISTICS OI'THE CM PARTS

The in-servic€ safety characcrislics of lhe CM parl is

defiDed as the tailDre probability value during ils lile [r. To
determine [r, we use a failue probabilily model oi the CM
parls taking in0o considerdlion freir damage abiiily, suggeslen
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in(l)and bascd on the melhods of rcliability drcory. Accord-
ing !o thc above probabilily model, usi0g thc ncthod of"dis
mcnbcring" of acomplcx accidenl.al cvcnl, wlich represenB
Iailurc of the damagcd parr, into simplc oncs, wo obrain thc
relalion between B" and all rated cases in hc form of inde,
pendcnl component_s

o'=B+0"'

F f" =ur"

ro-l

IO'

lo "

to'

ro'
LO-10

ro-rl

ro-r 2

lo'/
?,o 2,5 :1,0 3,5 /pc

Figure 4, Failure probability versus safely and rcsidual slrcnglh
varialion factors,

\

\

+
-\ f
ia\ ,r\t rv.
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\\

(3)

B"- failuro probabiliry of&eparl with rcch-
nological defec! 2Ld" and operational dam-
agc 2Ld.. during thc cnlire service lifc;and

B" - f:dlure probabiliry ofrhe parl having
ddmagc 2L,&.' in fligh1.

Assuning that the occurrcncc and influence oftcchnologi-
callaulLs and opcralional damage upon $c CM pari dre inde
pcnden!, the slrcnglh equadon (3) may bc cxprcssed as fol
lows:

fi)=8,5H,(21-).T"+[rqrI,(2L') (4)

T" = 10001lynrg bours -* service life olftc
glider;
H,(2L): H,(2l-')-inlensity ol2L d,,' and
2L.&.". damage occuience pcr ilight hour.

In calculadng failure probabilily during the lifetime, we
assume in cquadon.l, H,(2L).T"=1; q(2L")=1, whcrc

Br' - failuro probability of the part having
lechnological dcfecr 2l-tu or operalional
damagc 2l-tu'per flight hour;

Bi - failurcprobebiljtyof thepanhavingop
erational danagc 2Ld.' per flighl hour.

In order to take inlo accounl rcsidMl srrength dissipalion ol'
the partr and maximum opcrationd load while dclcrmining Bi
values we use results of paper /2/. Figure 4 shows faihire
probability per flight hour vcrsus rcsidual srength variation
ixclor pc- 

. rnJ jaJery lacb' I =p. p *.. shcre n - re\rdual
\rcng$ rvcrugc !rluc ubl!rncd Irom \u vi\Jo;lily te5l re. ulL.
ol lho CM pans. For maxinum operational lmd we assume
normal distribulion of probabiliries of accidcnlal valucs with
varialion lactor =87,, which coffesponds 10 lhe casc whcn
moslofthc loadingis duc to the monoevring load.Il lbllows
from rc abovc rcsuhs of fie full-scale struclurc lcst lbr
rc,iJJil'trngrhrharL,rhc\lir,gpenclsl. Lrl. 28.8,;
,nJ lorthe sl.?bili/cr lF='.'l. Soo. Theer.:ei.ive \ducror
thc ,.,irg pancls i. cxplaineJ h) thc fact dnl:r shl in lhc .pir
booms was madc al lhc same place al which thc impacl ofa
slccl ball was appliod. It leads eilher to damagc intc.acdon
(condidon ofindcpcndenl danage iDfluence upon lhc strc grh
of lhe pari is no! fullillcd) or Lo some combinatron of rhcir
dimensions. resulting in subsDn Lielly differenl damage condi
lions for lwo pancls. Takirg inlo consideration the abovc
circumstances, $'e assumc tnc dcsigo value 

, coffesponding ro
sfuength vdriadon lactor, oblaincd irom 1hc shtic strenglh test
of undamagcd wing spars which had nol been subjecte{l ro
preliminaryr fatigLrc lcsls. Owing to thc fact tha! the CM parts
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during ftcresidudl slrenglh lcsls simuhaneousiy had damager
ol2L, 2L,&.',2L.d." dimension we assume [ts0r..

lfuving dcLcrmined [." v,rlucs lion Figue ,1 and inscflcd
lhem intl] equation 4, wc obhin 8r,=6.2.105 for rhe wing
panel and lt"=3. I 0 ro for lhe shbilizcr. The total value for lhc
mosl critical and highly toaded sailplane parrs,
3ra=2.0:'=Br'- 1 .24. 104, coresponds to thc pcnnissible fail-
urc probabilily laluc drdng life time tlr.&,!103+10r, ac-
ccplcd as a projecl orilcrion.
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