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INTRODUCTION
The Operating Lin,jiatiors for rvrnch lau chnrg .r

particular tvpe ofsailplancare thc ma\imum weak ljnk
strength Q,,.,,,, and tllemaxnnum winch l;runchmg speed
V,,. The firsi of these qLraniitnrs is prescribed ln JAR
22.51J1O)(2) and OSTIVAS 3.4,12j the sccord in IAR
22.335(e), 22.1518(b) and OSTIVAS 7.37. wh jle the
lvordjngs of JAR 22(') and OSTIVASe)differ sllghily,
the inteniiu$ arc generalli sirnilar. Briefly, Q..,,,, n si
notbelcss tharl1.3Mg, where M is the Desi8nMaximum
Mass of the sailplane, nor less ihnn 5 kN. For stressnlg
pu+roscs, a load of 1.2 Q,,,,," is to be consi.l$ed. Tlrc
maxjmum wmch lauflclt spccd V". must not exceed the
speed for w,hich thc sh ucture hasbeellproved in.rccor-
dance with thc paragraphs relatnrg to the strcssnrg
conditiorls, or the speed demonstr.rted h fliBht tcsts,
rvhichcver is ihe lower. V. must not be lcss than I10
kn/h. Th('sc Llefinitions of Q,,,,,,, an.l V,, arc slithtpara-
phrascs of ihe OSTIV rvording which, in this contcxt,
seems the more straiBhtforward.

1n this paper, s'e examine the conseclucnccs of thcsc
dcfinitjons, on the assumption that thc minimLrm avail
able val ues have been cltoserl. Wc ihcn cons id e r wheiher
more slritable values could be cltr)scn, both fronr the
design polrli of view an.i perhnps ns a guiclc lo fuil,re
r€visions ofOSTIVAS. The nah basis for ihe anah,sis
and discussion is Referen.e 3.

Sonle relevanr.onsideritidns nr.:
(l) Cenerally similar sailplanes should usc thc

same strength oI weak link.
(2) If tlie wcak link is very stront, it nray be

possible to achieve verv high iving root bendint
molncnts durjnS ihe iaunch;also, aiiempts io chmb
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nr)rc stccpl) lvjll iend io result r stallrather than
breakage of the \^'erk link.

(3) If thc weak link ls too !\'eak, it \^,ill fr.,qucnth
fail, lcading to inelficient operntm and sore ele
mcniofnccdlessrlsk.

(4) lf the max, $,inch launchspeed V. is ioo low, ii
will frcqucntly bc exceeded in practice.

(s) I f V". is veri h igh, it rvill be possibie to genera te
load s exceeding thosc of thc maneuvcrinS envelope.
A reasonable compronisc woulLl seem to invohe

arranting for thc max. atiainable loac1s (in particular,
the wll18 rooi berding lrronlent) to bc sonrclvhat less
thnn thosc of thc maneuvering envelope and thrt V"
should beas hjShas is ihen possibh. Tl.rerc should bc a

rcasonable marilln beh{een thc "l{cconncndc.l Wnlg
Launch Speed" (seebelow)and v,,.
ASSUMPTIONS

Thesc are state.l h full m ltefcrence 3. The most
imporLlni ores are:

.At any instant, thcsailplane issuppose.l to be in
equjlibrium under the influence ofthe aerodymnic
forces, the \^,eightand thccablc force. Accclcrainn$,
wh€ther.lue to spccd changes or clrnature of thc
flighi path, are thcftn)rc ncgligiblc. lntuiii|cl!,, this
wotd.l seem tobc rtnsorrble,cxccttat ihcsta.iof tlte
iaLlnch.

.llence rve ire also assunnrg ihai thc bnlar\ce of
momenis .rctnrg on thc sailplane nccLl not be consid
crcd, as if theforces allact tlrrouththecenterof mass,
as in Figure 1. Theeffectof tiilloadsivasinvestitatcd
and found noi to be significant.

.The ma\nnum lifi cocfficicnt of ihe sailplane is
assu rcdtobcconstant,havingihesamcvalueasjn



L

FIGURE 1.'lhe sailplan. is assunrd k) be i. c,t!ilibrirh undrr thc
ncti('n ofthe 10r.-6 L, Q, W.nd D-

ffee flighi. Thc sia llir\g sfced willihen bep11)
porlionnl k) thc sqL'ire'root ol tl)e k)ad Iark)r,

.An inrportant quartity is Lhe ratn) of lhc
lving rooL ben.tnrg mo'nent nr its vilue iri Irce
lg flight. This is gre'nk'r tlun tho value of tho
load factor bccause the do*,nw.trd bc'tlilrg
due to thewnrgwciBhtis ot scaled[ry the loi]d
fack)r, .s ilr frec flight nrancLrvers. On th!
contrary, ii maybediminished asa resultof tlre
flightpath slope.

AU spccds are "equivalent."
fli8ht Path Boundaries

ll h.,\ \horvn iI l{,1( r(hc. .} lh.rl Ior r l.;rlcl

stlilplane,subjc.ttotho.boveassu'nptions, flight
Fnth slope cdn be plottcd aganrst speed nrr r
given cablc rnglc. FigLrrc 2 shows such a ploi for
r(.,b1' ..1F1, ,,1 r\. rh(,,r i l.rre t' r ElJl.t ', 

.i.
rnatclyan ASW 19. Lin('SS is thc st.rlling bourr,l
ar) :.ttempts tooperntcibo\'€ancl lothelcf t of SS

rcslrli rn a stall. I-ine WW is thc $,(' rk ]nlk frilure
boundarvi nttcmpts to ('pcraie nbovc this linc, to
climb more stccply, rcsult nr brrakag€ ol the
lvenk link. (lperat'on to the riBht of iht rithl
hand line is forbid.len, sincc this Iine reprcscnts
thc ma\. pcrmitied !virch launch sp€ed, V". In
l{efcrcnce3, thcspeed.rt thc intersection of SSnnd
WW was donoted by V...,,. As the cabh angle
ir.frp.),.. th{: dr,8r.rni iort'.,.r: .r..1 \ -. iI
creases is in Figurc 3, which .orrespon.ls to a

cnblean8le of 75, tllcsl('epestconsidered in JAlt'
22 nnd t)STlVAS. Ihe speeds i'1 liigures 2.l]cl3

.rro in knots bccause thc orjgjNl compLrter pro

Sram olrlv dcalt h ith lllglish oniis. Il the 1nun.h
is con.luclcd nt a speed Brcalcr thaD thc V-.,,,
corn'spontlirrgtoa cablt'.rngh of75 , itw;ll nt've'r
b! possiblc lo siall during thc launch. lt has norv
bee pe)in)sed h) the Sailplarl{r lievel(pnrent
I'nnel that lhis spced, lviz, V.,(lr Q,",,,2W;"'
from lqun.2l of ltcfc(nce 3J, shoul.t be knolrn
rs tlrc"Recorrvndldcd Wirtch l.aLrnchhgSpced,"
syrnbol V,",, Lrncl should nppcar on the cockpit
pl,)c rd. lt would sccm sensibkr to pft)vidc n

('.rsonablc mirgin l,ctween V{Rand V,,.
Wcak Link Strcngths

If n plot is mide, is in F-igurc ,{, d linc ca Lrc

d'avrlrasshoh'n reprcsonting thccondition Q,,,,,,,

- l.3Vg. 1i) satisf' lA I,t'22 an.l ()S l lVAS, rvenk
link strelSths must lic (rr or nl,ovo ihe Llr(. In

fol lorv s, tl)c
Q,,,,,,/Mg is lernred "the weak link factor".rrd its
\,nluc will gerlerallv oxcced 1.3.

In pr.r.ticc, only n firrito nurnber of weak Iirk
strenBths rrc avnilablo to the opernk)r. The Tost
* rn s, r r,k ll rscJ rrr I:uropc, F J. f,llo$ \

I
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No. Color Strength, kN
1 Black 10.0
2 Brown ll.5
3 lted 7.5
4 Blue 6.0
5 white 5.0

The r\,"eak link 6trengths would bc rcprcscnted by i
series of horjzontal lines ir Figure 4. ln order to use
them, while jusi satisfyint IAR 22 and OSTiVAS, for a
series of sailplanes of increasnrg mass, o^c $,ou].l hrve
k) procccLl alolrg a scries ofsteps, ABCDEFGIJII. Inevj
tably, thc factor of 1.3 would be exceeded h mosi cases.

l'ldiing thc wcak link faciors correspondnril to the
steps of ligure I gn,es a saw-kxih plot as in Figlrre 5.
fte maxnnurn vnlues of thc factor mostly lie belwecn
1.47 and 1.62, but highcr values would bc achieveLl bv
sailplanes ofless than aboui 315k9 if5 kN is rehnred as
the ra'ea kest !a'eak link. Also shown is the variatbn of the
raiioVwR/V., as defhed by Equation 21 ofRefercnce 3.
Vs! jsthcstalhlgspecdh frecfliglriatn-l iniheilnrch
larurch configura tion. The valucs ofthis ratio generally
lie betw€en 1.52 and 1.62, but lri8hcr valucs would
apply to light sailplanes.

Assuming that the sailplane llas sufficieni strcngth,
increasing the wc.rk link ratnlg molcs thc lirre WW
Lrpwardsndiagrnmsslrctras f igures2and3. On iheonc
hand, fcwcr$'eaklink failures are tobeexpected:on the
othcr hand, ittenrpts to climb sieeplv are more likely io

Maximum Weak Link Strength
.All obvious linritto the strengihofth€ rLeaklink is the

ratb of ihe \^,ing root bcndnrg moDrent to thnt ln free i I
flight, Mr. This rdtio will be grcaicsi with thc sl(cpesl
cableangle tobe consiciercd (75 ) and can becalculaieLl
fronr EqLrn. l2of Ref€rence3. Its€emsdcsir.rblc thatihis
ratio shoLrld noi exceed those corrcstonding b ihe
bormdaries of ihc mancuvcrnrg urvelopc. This is ob!i
ously not the only stressing colrsidcriliur, but sccms
likcly to b(r ihc nrost important

I Iere, it is convenient rconsidersoncsnnflcexp(s'
siols which, as sho$'n in Reference 3, aft' ne\'erth.'less
. url..,.,urJtp \.-rrl,"r. l'.,irl', l..rrr lr lr, ,fl r, .

mate loa.l factor r^'ill b.':
n .l+Q/w. (1)

The ipproximate r\inS root bendnrg momcni ratn),
from EqLln. 12 of Reference 3 rvili bc:

Mk .. (n wrYcr)/(l wRYcil. (2)
'lrl 'n10l..s.ll,.,l.de. 'lir/\Vr\.,L'\ \l \

Mn = 1+ t(Q/W)/(l - M l.
If MN has the typical value of 1/3, rqu . 3

Mr=1+1.5(Q/w).
lf Q= 1.2Q,,"^ and MR = 5.3, thcn Q,,,,,,,/W = 2.39, or 2.1

in rotnld fiilurcs. Thiscorrespolrclsapproxim.tely io ihe
cas€ of IAR 22.583(bX1) or ()STIVAS 3.ar2l \vitlt ihe
wing rooit e11djngmomentcorrespondin8 bPoiniAol
thcnane lar rgen!cl{,pc. Th.: casc in $ hi.h ilxrcablc

VOLUME XVIII, NO, 1

Fig.4
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FICURE4.,\!ail.bleandmnlin mwe.rklnrkstrentihs

(3)
fnrallr

(4)

load suddenl)' nrcreascs from ihc lc!cl-flighi cquilib-
rium vilue to 1.2Q,,,,,, does not normally seern to be

tJn.1.r thesccolrdilic,ls, from I:qun. (2), theload f.ctor
will bc 3.87 i nd the correspon.ling stallint spee.l ra'ill be
1.97V,,.

T.'L nr,.' r,,ell'. p,r,6r.'ph.rltl,enr"r.mumn.rru
rooibcrldntg nxnncnt ratio is not to excccd 5.3, if ML! is
I /3, and if thc various initial assunptions apply, thrn
Q",,"/W nrust not bc grcatcr than 2.,1 and thc core'
spondi,rg load facbranci stallinS speecl rrill beasabo\'(.
Speeds

Shce thc ivhS-root bclrding nromcnt ralio calculatrd
abo\ar is 5 3 jusl as tllc rvcak linkbrciks at I 2Q,,,,., and
this figLDc is inLlependcni ofspeed, il rrould sccm that
Vq could bc as high as V,1, about 2.3V,1 Thc recorr
nrndcd $ nrch launchinSspeed Vwn, h.rrsrlqun. (21)ol
Iiefcrcncc 3 with the cable lo.rd equil lo Q^,,,,., is tlten
1.i1,1V.,. Thc margin bctrvcen VNn and Vy becontes
0.,16V.r or typicallv aboui 30 km/h.

An exireme bLrt fe.rsible choicc of wint laL,n.hhg
limiiations rvould therelore consist of having a weak
link ofstrentth 2.11V nn(l n max. !{xrching sfccd equ;,1

k) V^. This, ofcoullst, is a vrry simplitied conceptr d

.rssLrnes, in partjcu Lr r, titi i t.r iL loads are lr ot a l:onsic:l e r
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lurthe' considerations
The abov. cnlculntions assumc that, w.hen tlx. cable

appl'es a lord of 1.2Q.,,., the wnl8 root b(',ldi^g mo
ment.atio will be -5.3. lhis reprcsdrts n "snat.h" casc:
nrorecommonly, the nlax. cablelon(l s ould bLQ,,.,,,,arrd
tlrch.ing ru)t bcndnrgrnomelrt ralio wruld the| be 4-6.
Lvcn tiis iigure is rathcr high, beiJrg equivnlcnt lo
0.87n,. Itwould seem undesirabL' toapplv loa<1s ashigh
ns this at possiblv freqoent lnterlnls Fariiculnrly snrcc
the pilot has vcri little indicatim of tlt loads benrS
rnposed ncir ihe top ol n u,nrg lnunch, $4r!rcas jn
mnn.uvers kr is wpll .w.re of th.m

In iheprescntcase, I wouldpropose tliatthewingroot
k'nding moment ratio should not r.xcc€ct .1.0 wilh a

L.lblr 'ord rquJl l. Q, T1,e,,Q,., iM\ldh.,rFtn,\,
n\ntuly 2W rnd Vw( would be 1.73V"1. If Vw re'nanred
c'qual to V^, then the mrrgilr bctween thcse figures
rrould be aboul0.5ry.,, or perhaps about 3lt km/h (20
knots). With ;r cable load of 1.2Q,,.,,,,, the rving root
bcncl ingmomclrt rath bccomes 4.6. SimilarcalcUlnti(11s
clr\bcnlade forotherwe|k I 

jnkstr.nijtlls, in.ludirlgthc
rninimurn value of l.3W and the value of 1-62W which
appears jn Figure 5. Thes!'rcsults dft.suinnr.rri/cd itl
Figurc 6.

Consequences of the proposal
As n{)L!.(l above, weak links have fivc st.rndird

stren8ths irndii rvoLrl(l thcrcturebc irnpossibli'tosatislv
Q^,- = 2lvtg lo..rll sailplnnc !r.rss.:s. We i,lso 

'reed 
k,

choosc. nrinimLrnr vrlLre of tlx lvenklink fnctorso th,rt
a Lliig..rn sinrilnr k) Irigure 4 cnn be dcrive.l If this
I.l.k)r is tnkcn to be 1.6, is opl,osed to thc pr.'senL 1.3,

then the diagram of lLdak li'rk strengths asn functnrl ot
siilphne 

'rass 
is shotvr nr IigurcT. It h'illbc seen that

it is possible io.hoose a we.k lhk for nlmost any
sailplane rn.rsssuch ihnt tlreweilklink frctor alr{ avs lies
b-r;,r'n I 6.,nJ /.J. s.,rltlJ'k s !vrth 

'n.,r{ 
s .rb('\1 ,,17

kg rcprcscnt thc cxcep tion- tri th(r lveak lnl ks of sav I 200
claN would luvc t(, be pro!ide.l or it must b{r accept(:d
ihni lowcr weak lifk f.rck)rs will rpply b lrca!y sJil,
plancs.

Itecommcndations and.onclusions
l. Ii is rccommer\dcd thnt ihc ninxiunr Yaluc of

Q,",,,,/Wb(!takc'lis l.6instcid.)f thcusual 1.3. If this
valu, is uscd tt] c(nrjunction w iih the stnn(ldrLl ranB(l
of $,.ak links, thr achicved valucs of Q,,,,,,,/lv rvill
. l^..!r 1.. t, .$rr rr Lj. I J 2.(1. Tl,,,n,.\L,,,, !.,,,;

)

s
1.a2

FICURE 6.lffcct of *eik lj,rl strength o,\ \'ur., th. n).rgnr
hrtwcccn V,r{ r.d V\,.n.1 the s ing niol ben.ft,6 nlojn.nt

16

s"(,

o"

s, k9

FIGUltliT A rrrcpos.l(r in.re.si',s thr Drini.rL,n, werl
liikslrrn,alh to I 6W
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rooi ben.lin8 moment ratjo r{Cruld thenbe 4.0, or,l.6
aith a cable load or 1.2Q,,,,,".

2. The max. lvnrch launch speeLl V$ should be as
closc as possiblc b V^. Thc prcsent value of 110 km/
h seems tobe toolow forcurrent Llesigns.Itwould be
morc l(,gical b rclatc Vw to V"j (or to V^, which
anrcunts k) much the samc tling). Thercwould tl1cn
be i reisonable margin betrveenVl!-R and V$,.
Someofthe figures quoted above are based on.alcu

htuns relating io a typical Standard C]ass s.rilplane
withoutwaierballast. While mostof the analysis is ctuiie
general (subj€ct to the initial assumptions) some figLrres,
sLrch as those relatirg to wing rooi bending moment
ratios,assunrespecificvaluesof the ratioof $'ingweight
io total $ejglrt and of the spanwise location of the
lrir1g's center of mass. These quantities will probably
noi vary gre,l tly betwcen diffL'rent desi8ns ofurballasted
Standard Class sailplanes,butthe fiBuresrelating to the
mo.e extreme Open Class machines or to anyballasted
sdilplartes may be consid€rabllr diff€rent and l\'ol d
require jndiviclLLrl atterltion. The object of ihjs paper is
not so muclr to provjde precise figlres but raiher to
atkrmpt kr cxiract sone gdr.ral idcas.
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LIST OF SYMBOLS
b Wnrg span.
CD Dratcoefficient of the sailplane.
Cr I-ift cocfficient of the sailplane.

I Acceleration due to gravity.
L Toial lift of the sailplane.
M Laden mass of the sailplane.
MR itatb of thc whg rootbcncling momcnt io ihat in

free flight at n=1.

n l.oad facbr, L/w.
Q Cable tension.
O.. . \. min.,l wp.r} linl bre ,l :n,r l.JJ
V. 1h€ maneuvering speed.
V.r Stalling speed in free flighi at n=1 m the lalnrch

confiSLrration.
V,",,, The speed ai thc irltcrsection of tlre stalling and

tlcak link fa ilurc boundaries.
VN N'laximLrm pcrmittcLl winch launchnrg spcc.l.
VwR Recommended rvincir Iaunching speed, equal to

V..,,t at a cable angle of 75 .

W Wcight ol dre saihlnne, Mg.
Wr ltrtb ofthervint rveitht to ihe tohll ladcnl\'ejght

of lhc sallplarte.
Y( The spa nwjsc lol:atn n ofthc.(rt.rof t.rss(rf(rnc
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r{n8.
YcR A dirnensionless measure of the spanwise loc.t'

tion oI the center ol mass of one B'ing, defined as
(3 /{) (2Y,-/b)

Note thnt all speeds are "equivalent."
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