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SummltrY
Thc pmctical applicalion oftllc Ilutlcr analysis durin8 $c

Jc'r^rrollhc':rrlpl lciiTrc rnL(J nJlinrinury!Jrct!lJIiun'
crc dor.: i.l tffdllcl wrlh lr'hn'cal (lurumcnulLion Cn'und

vibmtioD test rnd slilfncss tloalturcmctll rcsulls arc uscd lbr
dau corrcclion and compuling m(rlcl vcrilicadon. The pro'

cise Iuttcrclcarancc calculation linrlly dccidcd thc dcsiSn of
Lhc sailplarc. Resulls olKR-03 I'UCHA'f EK sailplJncanaly-

sis arc Prcscnrcd as cxample.
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Inlr(xlu.lion
Snilpl.ulo dcsiSn pmccss rc(ltiros a lot oloptimiTation to

llnd tlo tcrl sol(iotrs, mecling also ilullcr requircmc ts

S,r::r.. i. lD i.I. Jc$gn ulli(Lr hrvc lo lool I'rr inJrprilrJi\c

,neh( s ;l dc'icr'. Thc $lulion h.l5 hccn lound nr atr

c^rcnriv" ..,n,puing anajysis in all shges ot thc dcsiSrr

fi,,Jcrs, i'JrJ rrr using rclci'lcd Lah lrtion n)L'!ho'l' inlcril'

;ivJ L5cr rfl.1,rlv s\ilrs r'J.,rrd LheJf trr:olrul(u nlrLlJr{'
v'hhrn rnd utlcr (dl!Lrlillun' crc applic:rblc irr cittly
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design studics. Designcrs havc ftc possibilily lo n ke prc
Ilnin.lry vcrilicalion ol ltrc liutLcl prope4ics lor proposcd
dcsign solu tions. I! is possibLc ir lh is s urgc to dercrm;ro timjLs
ol prr.roro|cr chrrgc!. thus allowing Urc dcsign rcam lo iornr
the sail arr sructurc. Ir|ul {lal conrctiors arc perlirnrod
by mc$urcrrcnls on drc serlplenc pilrotypc. Con\r.rrisor
betwccn ground vibratioo lcsts lnd calculdion rcsutrs is lhc
finrl!c.ilicNtion Orcorrcc!ion)oidrema\5and stifiiessdar.l.

Tbc dcur ilcd flult..r clcararcc calc ulalions linally deLcnnjlrc
rhc dcsign optidr lor rlrc sailphne srucrurc.

lllutlcr annlJsis-Prrctical rpplicrttun in dcsign
Pflclical llLrttcr rnalysi! wrs rpplicd durnrg drc dcsign ol

lhe L!\ o-scaLcr, iJrolJl, Lrainxrg s,lilplanc KIt-01 PUCHAl'tK,
worked our nr rZL KROS\*O dcsign ollce.

Flu er mdlysis indudcs calcuhtions madc in OtsR pzt
l\.liF]LEC and ground vib|rLion Lcsls orado in AvirlioD tnsri,
LL|le, Wffsrw. Tcx L fl igh ts, conllnn ing corrcc r ii uLlcr prupcr-
lics o1 sailplanc, wcre madc in Pll, BIELSKO.

Thcmcdrodslpplied in crlculrrion d d:tu procossinrl and
thc soliwNrc uscd arc dcscribl-d io ( I ,2,3,4). Thc s(rl r\r arc was

prcparcd in lnsLirurc of Irundancnral 'lcchnological Re-
scarch, Polish A.adcmy ol Scicnccs. All prograjns. inpuv
ouQu! and compuLcr grattrics !oftw.rc wclr worl'cd our in
OBR IZL Mioloc. Since 19t6. dl 11u!cr crlcullrions hxve
bc1rn Inrde sith IIIM cotrrpatiblc pcrson. ooml)urcrr.

'lhc I[[lcr ar.rl] sis .onsi \ls ol dic follo\ring sLcps:
prcinnimry anllysis.

-grornd vibnlion tcsts or lrototlf c,
-inpur diLLa corccli0n!,
-delailcd llu(cr analysis,
llight tesL!.

Scl.ctcd ir4xnrntrcsulN.rnd rlrc rct.riingdcsigndcoisions
re i.(Id.d in rhc ncrl wridrs

I'relinr'Dart lluttrr analJsis
lluLtcr a rllsis bcgan alicr tho {lisign rc.cficll rc pojnL

whorc it wrs prissiblc ro sot ut gconlcEic. sdllircss and nuss
daln lor lluttcr calculaljoos. A irearn modcl ol lho sailplanc
slrucrul'(r wrLs uscd jn vibrarioo cornpurirg and lbr flutlcr
,,J.rlar,. n'rhc.h"ih V.!r,Jl'uJ ",lIron :orionirr{lu,F

Bcam a{cs oi lhc slitlhess model are markcd wilh thick
lincs. trquivirlent sliflncss was calculaicrj assuning, lhallhe
sailplanc parrs dre rhin wellcd prismadc bars. Equipment
mrsses and non-slillncss clcnrcnls m&sscs were added io
masses of sliffness s!-rucrurc. In I luoncc ol clc!ator and aileron
conlrol circuiLs mass rnd slillncss pa.amcnlcrs on sajlplane
lluller properties has becn invcsligalcd. Exanple res ulls are
shown in Figurc2. l hc calculations give prelnninffy indica-
rion of rcqu;cd ailcrons and elevatd mass balancc (or ali
fusdrgc stillcning). Thc suilable solulion hrs bcc inro
duccd ro rhc rclrh icnl documcnlatioo, ircluding also oLhcr

changes to llc slrucLurc dcsign, lbr crample lengihencd:rfu
luselage m meer lurgrrrdinal stability.

Ground Yibr.ttim tests
Gro Dd viblrLion rcsts worc do e oo the p(notypc oi tio

sailplane. Vibftlion frequcncics n d modcs wcrc neas,rrcd
lbr sailplanc opculiDg mass coniiguredo s and 1or some
{iillcrcnr nrxss bal rce ofelovrrcr. rudCcr aod ailcrons. The

!c!N were lnade gcncmlly {or corrlrol circuils ihed ir thc
cor:.kp(. Somc Losts werc (loro for ir!'cconrolcircuil\rnd for
conuol su.fftcs fixcrl !o drc nrain stuclure. Diffcrcnccs
bctwccn crlculatcd and me.Nurcd ircqucncic!. as drc resultof
inaccu.Ncy ol prcliminuy cxlcuhlions rnd dcsign cbnges
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Inpul data corr€tiions
Slnall inpu L drLr corcc tiol]s wcrc done on the b0sis ol mc1rs

urcnrenlsolthesailplancmasschnrnclcnstlcs. Majorche gcs

wcrc inroduccd in lhe slilfrrcss dala. r\lier dctarlcd analysis

ol lhc dcsign dmumcnhlioo! r d ground vibration tlslr.lhc
lollowin! correcdons wcjc irrldc lo &e sLilfness dala:

wing rcrsion sLitin$s rcdLrction (gen.r?lly 20'l,i d
nr rbnke rcgi0n .10tl)i

lirsclrgc lorsion rnd sidr bc ding rcduclion (209'.):

ll(jriibiliry in wnrg luselage connoclion by aolisym
InehicdclL'nnaliori
coolnt oircuils slill;tcss chaoges lo co rpfic \Yit]l

FIGURE l Graphic illusralion ol gcomefiic data.
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!lc lrounJ !ibtutior, lcsL: lrctlucncic\'
lh. rc.r-L,ct nurn,. moC.,.rl.,,L,lror' \,,1nprclrrninr\

rnd.Jnc.lLdl.LJr'rpJrc.rlo5r.rl (lrrur.rlro rli(q L n i'L rJc

llxalnplc vibratioo Diodes rrc sho\\ in Figur.: i

FIGURE 3. AnlisY
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FIGURE 2. Synmctric ilutlcr (influence oi elev^lor

balanco dnd conrol circuit sliliness)
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Andsymmstric vibmlion.
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KR 03 KR-03A (long tuselagc)

SYMMETRICMODES:

wins bendins o
wins bendins oonrcnt l)

wjls bfldins (II) + aileron

wing losion + ailcron

wirg losjon + aileioD
roration (oppositc)

ailcrcn bendinS + brsion
wins bcndins Gtr)

ANTISYMMETRIC MODES:

tail plbc luselage yaw
wins bcndins (I)
fuselage bending hd tdsion
clcvator roation md tosior
wing torsion + aileion rotarion
luselarc bsion md bmdcing
wing bending dd ailcrcn bddins ud torsion
wins bendins 0I)
wirg bending (lloiantal)

*!dmclc6 in calcularion
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Delrikd nrtt€r nnnllsis
lhe srilphnc compufug model, obtaincd rlier mass and

slilfness daLr corrcctions, was adequarc lor rhc dctailed llu!er
.rnJbi,. r_hc llulLr nroJ( ,".rilflrnr oc. rllirlrng rnullnfi Jl
uul1er sllc€d) caJr bc shown on the complcx planc. The oroduli
and vcctor oricntetion define rc cncrgy pan icipalioll and $c
phasc sh ifi of pal1iculfi vib(nior modcs, rcspectively, in dlc
rL. rlLr',r,rilprrr. \.br-ri,'n.. SrIIn.yrcrnJ Ir5)mrn.trtr
nutor Nod.s dre sho$n in Figurc 4. Only vibration ncdcs
which rrr ilnporhol io the lluLlcr caso rnrlysed flced be
sc lecrcd rnd uscd in thc c.rlcL aron- flutlcr orodcs can also be
e irratc.lon drc gnrphic screen. ln figurc 5, llo scqrFnce of
iJJr \;c{.. ,l oq ind dt. rrrc::ivc .-.lJrl:d,c (tr'oL,i,t;on. rn

!tu lirsr halfol full flutler vibrarion period. is prcscnted. lhe
spscificd sailplane calculalion modei givcs 6o possibility oi
l)crlbrorirg cxtcnsivc plranrctric invcsdgarions. Tbc KR 03
s.rilplane desigoers wcrc inrcrcsrcd in rcducing rhe ailcron

ress balancc. Parlmcfiic rn.rlysis shows it !o bc possible.
Resulls rre presenld io Figurcs 6 erd 7. The calculaled
res ults werc !crilicd by llight rcsls. No flurter vibrarions could
bc exciled in thc spccd .argc taslcs.

^

FL!iter l'4 a>i\<a'

F'IGLIRE 4. Flulter modcs.

<a>:\
'<4,

Qri:'a *

FIGURE 5. Sailplane {leformations a! lhe calculieal fluller specd.

VALU\E Xlll, Na 4 1J9



s

-. 2001

_r0

-12

?11

it6

5

T3

d

ai3
: l-----$ _-t ----'- r...

"'l...-"-,
I

FIGLRE 6. Aileron frequcncy and mass balance influcnce on
synmetric 0ut!er.
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Concltstons

Pradical nutrcl analysis crm be efficiendy applicd ro a[
su€es ol $e sailplane design proccss, prctiminary nnalysis
hclps ro find dr.ign soluuon sarLrying flu er rcquircmcnls.
Inpul dau rrM compuring modcl con(,clions, afler prototylc
ground lesls, permit rhe €ffecrivc invcstigation of Oesign
pArame&r infl uence upon tlltcr. Low cosr ot thc analysis c;n
bc ncftrcvql by using pcrsonal compu@rs, suilably selccred
calcuhlion mcthods, and uscFtrien{.jly soflwtrc.

'- !!:, I

FIGURB ?. Aileron ircquency and mass balance inlluence on
anusymmetric flut@r-
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