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(k.ut ncide ts and subsequo,t rcl,iaDs hmrr shoir,t ut, a
fiu\tuu ofpapulnr tiscDj'.eptiofls itl ;ttetpftti,E sa)ltn t
fight lilltilrti ts. Thc lDlloltifig dts.lssrD iy' l/,. dcsr.g,
philosophy nny hth, t,ilats lobett!r aNrccittt tlt Iil itdttolls

lVho needs d€sign staDdards anyway?
Irr contrast to vehiclcs and bo.rts, aircrrft ha!c only

emerged as a mci]ns of transport in the li]si 90 y€ars.
Fronr carlydavs thc riskassociatcd !t'ith th.ir operatn)n
wassoobvious thntdesignwas r('8ulatcd witha \.ieN til
protccting thepilot, p.rssen8crs ltrd ihc pLrblicatlargc.
Thefrime aint of rcquirencnls is to dcfiic n neccssary
shength minimLlm sivinS duc re,l.rrd n)r thc impre.i
sion nnd lolerancesof thedcsi8n a'r.i c{rnsl ruction pro'
cess"s. Thcse liDriiitions sk,uld nlso enablL'the de'
signcr to pro! ide rn nttractivp ilnd pcrforrrirS proLluci
with lnnximum cornrncrcia I e fficicncy n n(t noto\ crbrrr-
dened !vith unn.'ccssar\'caprbilitiesand.onrplic.rthn.
(:tnrsi(ler thatwhc,r rou.iia-uss tho m€rit of n p. rticul.rr
n-.r! ncquisition with vour svndicrtc partn('rs, ihc con-
v€rsntion is gcne rllv coDfincd to thc fincr ponrts ol
pcrforlnance ar\d h.rndln,g. Thc nirl{o,Lhinr.ss of tll,
b.rsic (tfsign is lakc| for granterl. I his conf i(lcrcc.lul-
or$t.nics that th€ |irworihiness dcsign codcs are llr
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Sood shape.
UK Slidcrs used to be .]esig ocl to Britisl) Civil Air-

$/orthinrss Requirelnenis (LlClAI{) Sectior E - GlideLs.
Thls!v.rssupersrdcd in the 196{)'s t y theR'orkofOSTIV,
h-tri(h went oo b forn\ the basis c'floint n irworthincss
nequirur\Clrts (JAI{) I'ir! 22 Nhich was adophd bv ihe
IjC in the earh l9il0s. Todiy virtually all snilplanes,
includirrg those fror listerntlloccounirirs, arrcertifi
cated t,' IAR 22.
Settint a boundnry lo lhe problcln

Thc core of any clesign codc is iis fornrulntion of a

'.itsi8n cfvelopc' $/hich specifi('s . range of flight con-
djii.ns $ iihin rvhi.h a s,rilplnllo can operntc n ND re
m.ri,t sntc and secur(.

-lhis onvelope is boLrnded Liv combirutn)ns of air
stceds rtrd load t.,cn)rs ( G ) r'l,ich proliclc's thc .le
signerwiilr ii.losrrl frotrl.nr ol s.rlety validntion. Son€
boLrn(hrirs ire rlrlLr,rl, likc st.rlling, which linrit thr
noroult of nir bnrl lh.l .n nirfrnrnc c.'r g(rxrraie on
itself. ()th.rlimilsnrLrsibc judgcd ontheb:rsisof prrJ\ id
in6 dn nila orth)' ,, clriclo. Tir! rrosi e! jdent lir it is thnt
oi i nLr\inrum spcccl, i,r desitrxrrs farlinc! thc Llcsitn
direspccd It is $l llknorln tlLlt, nllother tlrnrSseqral,
air lords vrrv wiih lhe squarc of nirspee.l, so setting an
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L,ppcr limit on speed goes a lont way io$rards crcating
a dcfin,rblc problcm. Obviously we must providc n)r
adequate maneuver capability at higher spe€ds but
there is some opportulii., io optimize the structure if it
isaccepled the pilotwillre.cttonoiscand hca\iycontrol
f ces and use onlylimited control movcments ivhen at
lighspeed.

Therequirements defnre design maxinlum load fac
tors, in both positive and ncgative senses. l'or semi
aerobatic sailplanes a positivc 'g'dcsign limit ofaroun.l
5 has proved tobe adequaie for Bcn$alusate. lljgher
factors are required for fully acrobatic types. At lol{'
speeds it is impossible to achicv c su ch I oad s since stall,
hglimits thean franreloads,butathigherspecds (above
2-2.s timcs lcvel flightstall speed)very hiBh l{rad ractors
can occur bclore stalling. At crLrise sp.cLls we ,nust
choose betwccn a radically over str€ngth airrramc or
sclect a limi t load fa ctor bo undary above some spccified
airspecd. To the desi8ner this spced is knosn as'ma-
neuverspeed'or to the pilot, as'rough airspeed', snlcc
below this spccd an cxtreme tustwill st.rll notbrcnk thc
aiLframc. ALlditionally requirements stipulakr that lhe
airf rame should be capablc of withstan.l ing {1111, inst.)ti-
taneousapplicatbnof anyo.all controls attlis lnaneF

If i!isnotalre.rdvobvioL$, thcse t$ o rcc:tLrirements, in
conlbination offer you, the piloi, a rcmarkable safe

Suard:
BI]I,OW ROUGFI AIR SIJEED IT IS NOT
POSSIBLE TO BRIAK YOUIT S,\lI,PI,ANE
EIT]]EIt BY INCOUNTI]liING A GUST (NO
MATTER HOW SIVIIIE, SINCF IT WII-L
STALL YOU), NOII TIIIIOUG]I YOUR
OW\' USI OT WI INTEVF,R L]OMBINA
TIO\ ot aoNTlit)t \4L)\ f\4]\l!.

At thc highcrdcsign cli!'e speecl ihe limitload factor
is nornrally accepted as som.'u/lut lolvcr ({j h jAIt),
and only linrited control applicatbns (I/3 novcmcnt)
arecntered for. To close theerrvcloPcconplctclysimil.r
.rtu,rlents can be applic.l kr flight undcr ncga!ive G.It
is apprcciak'd that high speed, negatjve (j sialls arr not
evcryone's cup of te.rl this cl)scd envclof( of fli8hi
conc:tiiions can be cltnractc.izcd by a numbcr of kel
'corner points l{hich i\,ilL cr.atc diffcrnrg IoaLl condj
iions on all structural conrponcnis of the airframe.
Wrere does it hurl ( and how uch )?

The designer mccts his obligatiursby evaluitint ihe
loa.lsexpcricnccd by all structLrralcomponents.rtall the
dcsign envelope s cofl1er points to determirre which
cases arc criiical. To do this he $ lll alrendy hnve had h)
define ihe overall confitur.rtbr of ihc Propos..l sail-
plrre to tltc extent of its trtcmal slratc, its cxt(cicd
wejthi and rveitht dis iribu tion (nr.l Lrd nr8 rv.t icr ba 11x st
if pl.nned). This is thc,riliy tritty of desjtnnncl corres
after all the flrn bits like pickiig thebes vn\g s.'ctbn or
,, , rv pl- /,'rnr. l. r'. .. " t'p.r^ra,,' ,

The lvork is basicillr acrodynarnic |r rlnture, ind.1
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good all round insight is Llseful h spottinB the critical
cases. Ii is r^'orth nolirlg the divcrsc contribuiions to
such nightio.ds:

I T-oads rc'quire.l to hotd ihe glidcr in trin ('Bal

2. I-oads iniroclLlcedby ihc pilot throughspecificd
conrbinaijons of control demnnd ( Controt loids).
3. I-oads created durhg maneuvers as a result of
thc Llistributed massof thc sailplane ('lncr!ia' loads).
,1. l oa.ls impose.l on ihcsailplane$ ltcn itencoun-
tcrs rol,gh air and turbuldlcc ('cust'lor.ls).
5. Point loads applicd b ihe sailplne for the
outside, e.g. durhg landing jDrpaci, or from tor\'
ropes. ('Extc ral' loads).

In some cond i tiolls n single contribu tion can be donr;
n.lni; for cxanrple, wing bending strcngth is almost
invariably dcsigncd by the maximum C'pull up ar
maneLrver spccd. In olhersituations tltcvarious contri-
bllthns canccl cach other oui; $'jng twisling ion.ls arc
actlnlly re.tuce.l as you pull up from a stcadv hj8h
speedcondition. The Llcsigncr js lookint for ihecritical
combhntions of l.radings f rom thesevrrioussoLrrces to
rstablish lvhich q'il] desiltn anv pirticular strLrctural

Thcrc a re several lessons in this for ihc a verage piloi.
Irirstly, tlt airf.anre loads io trim (the'balance'loads
above) dre only onc part of anv critical cornbhation.
Thus it is rnrlikclv that a sailplane wiil fly apa.t just
because you are at a limit condition. On the otherhnnd,
it is not urlikcly tlrat in gainint or recoverin8 fron ihai
linritcon.litiol sonreparticularcomponentriillcncoln-
i€r its critical loa.l conrbination, pn(jcularlv in rough
air. Foryourown part as p;1ot the best way ofreducing
this risk is to minimize the not iosignificant contribu-
tion of (ontrol loads (and inertia loads) by handling

Secondlv, the maneuverand tusi loads.tre thc only
loads rvhich.re experiencedby the pilot (t, eca use ihey
mnneuler hnn too). All other lo.trls arc rcn.tcd lvithnr
thc.irfhnlp. d r,. N()T m'nlf.sn,l .s'(i'lo.ils
Unlcss the pilot has specialist knowledg€ he rvjll not
f ecessarilynppreciatethese.Thisltisbe€nreilized tobe
a particularly importari issuc nr the recent re!,iew ol
i!i nch Lr unch sa leiy b Lr t there rre p.r r.rllels ln oiher flight

On.e the criticnl loads luve been c:leternrincd ihe

tl .rcdnbcdcsigne.li,r.l.Lril Simplccnlculntionsarc
ofitt ust:d to confirn thaL a n..m criti.al componcnt is
$ell $ithh limits. But fol major issues such as $ltt
bendingstrcngth ihe calculntion rvill bccarried oul!vith
sonrc frc.ision since excessive sircngth will reslrlt n a

siEnitir.rriw( ighipll]lilt)'. I)csigncrs:rre gcnc..tllv.aLr
ilouschnpsbut lut.rbouithecl\oiccof ntiterials.nd
th..onsinlcti(!r froc(:sscs? Is iipossiLn( tl tfon.ott-
ser\'.ti!r' nssumptioLrs .oukl be tlndcmn\ing our secu
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StructLrral maierials vary in their failure characteris
tics. Underhighload;ngsome distortpermanenily while
continuing to function in a detmded manner. Others,
albeitequally as stronS, fail in a sudden mannerwithout
any prior sigis ofsuffering. Crystallhe materials such
as metals fall inio the first category; fib.ous materials
such as wood or .omposites into thc sccotld. Desjtn
practices tnk€ this into account. Materials with good
yielding pioperties are required to withstand their cri ti-
caldesign load withoutsuffering permanent distortion,
theso-called PROOF designcase. This aspect is usually
critical for the majority or metal fittings in a glider.
Materials which fail abrupdy are required to be exer
cisedtoonly two tlirds oftheirultimate fail load witlin
th€ fli8ht envelope, lhe so-called glllEljg case. In cases
of new or urltried materials special lab t€sts are required
to define which is the critical issue.

Withuntried materials an extra factor of safety may
be demanded;this was the casewhencRPgliders were
first developed. With exp€rience these factors can be
reduced, which is why later generation glass gliders
exhibit much greater structural flcxibility and liShter
weitht than earlier desi$s.
So what does this mean to the pilot?

The goodnewsisthatthereisconservatismbuiltinat
a1l design stages: youl sailplane is probably even stron-
ger than the design€r thinks. But the message to the pilot
here isrhands off. Thesemargins, which protect us from
design approximations and construction tolerances are
designer's and constructor's in-built insurance policy.
They are not easily quantified, and may vary with the
glid€rs condition. Exceeding envelc,pe limits is irre
sponsible and taking serious liberties with the terms
under which your sailplane is suppiied, qDite apart
frombeing personally dangerous. Your insurer miSht

also be intcrested.
Strength alone js not sulficient

Considerations of struchrrai stiffness are additional
to the above. Even given thc la test genera tions of stiffcr
fih.r. ,.,rh .r, rJbor, rrrd drrmid deriv.rrivcs, m,n)
paris of a moclcrn sailplane's structure arc still domi,
nated bv stiffness considerations rather than sirengih.
The wide differences in thc shffness characteristics of
the various structural matcrials also complicatcs mat
ters. Today, not only sailplane wintsbut atl structural
elemcnts must possess appropriaic stiafness and nuss

The word 'flutter' is often used out of context io
describe any form of n1-fli8ht \-ibraiion. This confusion
would n.l c\i.l ifJ.ruJl nLrller werF r .ummon e\peri
encelFlutter is a mutual resonance betweentl{o modes
of flexibility which sponia neously occurs oncc a cri tical
airspeed is reached. Mosi forms ofgenuhc flutter (and
there are many), break olrt with no waming and are
extremely d€strucii!,e. Recent accident investiSations
involving overspecd cases in FRP sailplanes have al
ways shown evidence of failure induce.l through flut,
ter. Itislikelythatoncc thcoscillatjonhaserupted there
islittle a pilot can do about it. All current requirements
demand a safety margin or 25%, on the d€sign speed if
clearance is soughtby calculation alone.
Technolo8y mar.hes on but at a price.

These days tllere is a continuous demand lor higher
performance and better handlin8 qualitics, so few stones
are left uniurned to achieve ar1 ed8€. In new gliders
much of the .onv cntional design conserva tism ha s been
removed in a controlled way in the optimized design.
This lea ds io a situation whcre !here are fewer or no'so ft'
1;mits.Ifyou ridebeyond ihose limi!syou will come to
harm. Maybe not lhis weekend but sooncr or later.
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