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Summary

This paper cxam ines thc rel aiionsl.ips beiween speed
and fl iShtpathslopedurlrga wu1chlaunchwhich define
boundaries conespondnrt to stalling and weak hrkfail
ure respectively. The speed coffesponding to the intersec
tionoftheseboundaries is shown tobe tfuncrion ofthe
cable anglc to the horizontal for any parricular glider.
Simple expressions for this speed are derived, con€spond-
ing tosmall andlargecableangles. It isrecommendedthat
the latterfiture shouldbe Lluoted hlJlighi Manuals.

TNspape. attempis k) of fersome explanailonsrehtnlg
iofatalaccidentsinthc UKln$'hi.h the glidermny have
stallcd durint awnrch launch. Whcn Bill Scult, Chaiman
of dt Trajnlnt and Sa fcry Panel of OSTIV, $ as lookint for
some teclnical advice,I was able io applv an existin8
computer prograrn in order to define sial ling a nd I\'eak,
lnrk failue bounLlaries. This proSram w.is noi iniuallv
,,,te,,ded l,! p,,blr JFplay,rrrd *.r- r , rly:-, r , ro-r. e 

".
xrdicated by the sample of printo ut reproduced xr Refcr-

Thepr(,E.am {,assubsequcntly reftrc.l n)makettnlorc
Iriendly,e\pliciiand useful. Atthes.rnt iinre, theoppor-
trnityrras takcn to erp.!i.i the fclcv.nt theory.
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At the end of this paper, somc vcry simplc rcsults arc
ricived, !!jdl ihc nrhntion{)f su8gcstinga srfeLrLnchint
spccci.lt $,as lclt $,orlhwhiLc todcvchrp a fairlv contprc'
krrsivr and accuratc fieory nr dre tust nrstan e, both to
provide an rnsight into ihe problems of wnrch launching
and to provide a means ol assessnlg thc accuracy of dt
sinrpler results.

At any irlstant, fic glider is supposed to be in equilib-
rjum urder the nrfluence of rhc aerod)mamic forces, the
weight and the cable force. Any acceleration, whcther duc
to speed changes orcuNa turc of the nightpath, is therefore
neglecied- lntuitively, ihis would seem to be reasonable,
except near ihe start of the launch.

This assumption implicidy involv€s anothei thai the
balancc of moments acting on the glider need not be
considered.ln ofier words, the elevator authorityissuch
fiat any of the postulated equilibriLun conditioDs can be
attained. This is doubtless realistic for gliders luving a
markedly aft location of the winchlaundring hook, to-
gedrerwithadequateaerod)'namicelevatoreffechvcness.

Lir some previous analyses of wnrch laul1clin& the drag
lus either been neglected or a constant lift/d rag ratio has
becn assumed (e.g., Reference 2). In fact it is noi necessary
to do either and thc present analysis assum€s a parabolic
qr - CL polar. The effect of drc drag is mostly rather small,
bul ild0e: hdved 5rgJfi. Jr rtefie( tor Lhe.dbleren.ion rlear
dlc top of the launch. This method of accounting for t-he

drag probablt, underestimates iis value atlift cocfficienis
close to themaximum.

:[re ]nedrod of calculating the stall boundary assumes
dut the maxjmum lift co€flicient of the glider js constant
and has dr snDr(] value as in free llight. Thc overall
nalimum lift coefficieni depends slightly on L\e elcvaior
lr]rgle required to achieve iL wlrich may notbe lhe sane as

infreeflight.Tlnseffectseemslikelytobeverysma,and
dre stalting speed will then be proportionai io ihe squarc
root of the load factor L/W. However, in ursteady cond;
tions dre value of the maximum lift coefficient may in-
creas€, leadhg b hgher loads than those .onsidered herc.

(}1e of fie siBnificmt angles is the flight pa$ slope, the
direction oI moiion relaiive to ihe surroundng air. Ii is not
ihe same as ihe gllder attitude as perceived by $e pllol
which is greaier by the angle of attack. Nor is ii the same as
dre flighi path slope as perceived by an extenal obseNer,
whch is influenced by the wind.

I]1e slope ofthe cable is the value aiihe glider. This wj]]
not be the sane as thc slope of a line drawn between ihe
glider and the winch, due io the sag of the cable.

An important quandry is the mtio of the wing root
bending mom€ni during dre laurch to its value in lree lg
flight. Excessive values cal] be avoided by dr us€ of a
suitable weak hrk and it does not normally pesent a
problem - but ii could be critical il h error, ioo stront a
weak link werc usecl. ln free flighi, the value of dns ratio is
substanrially dt sane as $e load factor. This is not the.ase
d ring dr winch laurrh, because the dowrward bending
moment due to the wing weight is not scaled by dle load
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factor, as is the lift. Indeed, it is diminished, as a conse
quence of the tught path slope. The value of the "bendjng
moment ratio" calculated by tlrc pmgramWINCHER (see

Figue 2) assumes that dre spanwise distribution of the
wing Iift js eltiptical and that the ratio of tlrc wing lift to the
toial lift is coirstant. Also, details such as ignonng the
weight of the wing root fittings are neglected.

Finally, ttrc program \44NCr$R provides va lues of the
"cable power", la rgely as a matter of geneml interest. This
slmply represents the power being supplied to the Slider
by the cable tension. It is woth noting that a very high
propotion of this power is applied us€tuIy to liftiry fie
giider since the only losses are due to the glider drag. This
"cable power" is obviously not the same as the power
produced by the winch engine.

All the speeds are implicidy "equivalent" airspeeds,
which meais that the figues for cable power are or y

3. Possible Boundaries

Agiven glider, with ihe winchcable at a ce ain angleto
thehodzontal (s€c FiSure 1 ), can achieve various combina
tions of speed and nighi path slope. To some exrenr these
wi]l be determined by the charachnstics of the winch and
ile way it is driven. Here, it is assumed fiat the win hcan
always enable tl]e gtider to achicve the relevalrt spccd/
flight path boundaries.

These boundaries m:y be determlned by the following:
(a) dre staL
lb) breakage of the weak link;
(c) available winch engine power;
(d) structural loads.

Of these, (c) is unlikely to be a limitation with modem
winches and, as noted above, (d) is only llkely to be
significant ii the wrong weak linl is used. This will be
considered later, but the arlalysis below js mainly con,

In ihc t^brc! b.low. th. ldrd ?actor t. tho ratlo ot rho ll,!r to the ts.!cht.
rllna root bendlnr morent 1s exgr.ssed 1n hurtlgle! ol lt, walu6 1n rs t11.ht.

by F,c. Irvlna to flnd the toad ascto.t cabr6 tenslon, wlna .oot
bendlns boo€.t a arldcr du.lna a raunch.
Thc rc.bl. pok.rr 1..I.o I1.t6d. Th1. l. th. pbwer b.t.c a99r16d to the
alld.! by th..alrl. t.n.lon a.d 1. not th€ Hrn.h €nEln.odw€..
s te.dy-.t.t. cond 1t 10n.

nt^r LlttlDraa lAtlo - 39 at 51 knot.
tako-oaa,.1tht - 75o rr'.
Ratlo oa xlnc &elsht to totdr wrisht * O.n
sDAnalgc locstlon oa wtn. cG,/.en16pan, o.3t
La0nchlnc speed r 45 knot.
slope ol th. cabr. to th. horlzonr.t,0 de.reet
ih. level-altaht strtllna .peed 1.36 knot.
Th€ allder wlll rt.Il on th6 t.unch at.lo.d aacto! oa 1,56
:rhe reak Ilnk wllI b!6!k tt tho eabl. 10!d €xcecdr 1100 rb.

LOAO C^ALE
FACfOR TENSIOII. Ib

LIFT,/ORAG CAELE
RATIO POI,IER. h. D.B. l,l,

!5. OO

25. OO

35. oo

85.68
r52.9O
222.61
296. t3
37 5. or
461, 3O
557 . 69
667- 9a
797 .74
a26.77
at6. 96
8aa, d6
921. 37

1. 08

,.22
1.33
1.46
r.62
1, A3
r,88
1. 93
1- 98

37.75
37,62
37.39
37- O6
36.58
35.93
35. 06

32, 39
32, O4
31.68
37.29

1.
l.
l.

1.
l.

l.

o2

t7
25
3!
!6

55
5A

1r,79

29.7r
34. !5

55-20
63,13

77.9'
79.36
ao,76
g2, r.5
43.53

FIGURE 2. TFical pintout tuom d€'W JCHF]? progrant
subscquent diagrams relatc to a typicat srandard ctass tlidc..

Notc ihat the figufts rvhich appenr

TECHNICALSOARING



cerned with (a) and (b).

4. Analysis

ri8rt! 1 shows the gliLler in €quil ibnLrn Lnder dractionof
drc n,ttrs L, I) W and Q. Ste also the list of svmbols.

Resolviryperpendicul k)Q:

I-cos (y r )")=Dsin(y+],)+Wcosl. 0)

'llu..J. b, r( JL, ,t.d 'u th.rt lhp loJd f r lor r .:

n = L//W = (lrlw) tan (1+ ),) + cos ). /cos (y+ ),). (2)

Assumnrg a parabolic drag polar (Refs 3 &a), dre.lragis
givenby:

If this is exprcssed in ihc fom

n':- 2Bn + C (J,

then the relevant root is

n: B (B: C) '/'

Iiesolving pcpcndicular to thc flight palh:

Qsin(y+r)+Wcoq =L,

alrd hence dr cable tension is givcn bvl

Q/w = (n - (,sr) / sin (1 r 1,).

Tk lift/.lra8 ra&) mav bc dcrjved from (3):

E= nw/D = 2r,,,. nu:/(u " + nr).

(5)

(6)

(7)

D/w = (1/2F,"..) (U 2 + (n /U):). (3)

Here, E,.-, is dre manmum ljft/drag ratio and U is the
dinrensionless spe€dV/V-,,. Substituring (2) in (3) gives a

qui.lraiicequaiionin'n' rvhichcanbewrjttef:

n,- (2E,.",U') n/ran ("r+ L) + U'+ (28,,.,U'cos).) ,/sin
(r + /.) = (1. (1)

40

30

20

(8)

If tllc spani{ise liltdisiribuiiorl is eliptical and thi: tolal
wing lift is nW, the upwad wnlg rooi bending moment
$'i be:

\lj.w/2)(!/2)(1/3n). (e)

.,i
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35 40 45 50 55 60 65

FIGURE 3. Flight path slope,/speed boundaries for a cableangleofzero degrces. Points on thc linc AA correspond h)

lines in the tabulation of Fisllre 2.
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lf the iotal whg weight is W,,, and the spanh'jse locaiion
of the ce'ntre of gravity of one wing is y.., then the dowft
wards wing rootbending momcnt willbe:

(w," / 2) y,, cos 1. 00)

The d ifference beiween thesc r$o quantitics givcs thc
resultantbendrJrg moment:

M = (\\'1,//3n)(n - WRY.R cos L). (11)

Here, WR is dre ralio of the whg weight to thp t^r.l l: den

werght, w" / w, and Y"R c (a / 3r) (2yc / b).
The ratio of the bending moment during the lalurh to

that at (n = 1,1 = 0) will therclorc bc:

M" = (n w* Y"^ cos y) / (1 wR YcR) (12)

Hence, given fte valucs of l_.,, U, y and )-, thr co L'
sponding valucs ofn can be tuu fron (a) and (5) and
hence Q/w from (7). Knou'ing d1e speed for best gtide
angle,V.d, and drcweiBht W, dre aciual speed V and ilr
cable tension Q can be found.

The above equatiom lnvolve oily dnncnsbnlcss quan-
tities such as the load fack)r or ratios such as Q/W. TIle
conveniencc of ihis approach is that the equations ar€ of
generalappLicability and only rcquire the knorvledte ofa
fel{'straightforwar d qu an tities srich as tl€ maximum lifi/
drrg ratio ard the corresponding speed to obtajtl rcsults
fo. a sperific glider.

s.Appli.ation.

A computer progam based or the above anrlysis is

45 50 55o
35

FICURE 4. rlight padr slope/speed boundarjes for a cable angle of 75.leitrccs

easily .1evise.1. One possibjlity is io produce nn outpui
such as th.rt shown in Figure 2. The input co$ists of ihe
characieristics of ihe glider, dre cable anBle and tlt launch
spcrd. A scrns of valur:s of die flight path sl.rpe arc lllen
chos€n. Ihe output then relates to a series ofponrN on a ]nr
such as AA in Figure 3. The glider chose,r for dns example
is appro\nlatrl] an ASW19.

BolnrLiaics su.h as thc stallnrg b.runLla.1 SS and the
wcak lnrk failurc b(rrdary WW rnav lt tlcducd by
naspeciing ihc ou Fu t rDr1, if ncccssarv, ma knlg ih.: appro
priaie nrEryohtn!s.

lror ex.imple, if tlr. sLrhrg specd h sic.tdy lg frcc flight
isV., and the1aunchspced is V, then the glider rvill siallai
a load factor ns l\'here

n. = (v / \r.,), (13)

In F:ig.2, the speed is 45 knots, r. is 1.56 a1d theretore
corrcsponds to a llighipad] skrpc of about 1E dcgrcrs, or
poini S' nr Figurc 3. Th. cor cspond inB cible tcnsion is 888
lb. so, given a wcrk ln* of 500 kp 0100 1b.), t]1e stall is
attanted beforc thc wcik lnrkbreaks

Ily pr)cecdjng h this fashn,1, for a scries of cliffercri
s|etds, thcstallnrE boundary SS crn br tstabllshed.

Simi larlv, b), notn18 thc combnra iions ofspecd and flight
paihslopewhchproducea cabletenslonequal iotheweak
hlkstrenBth (takenasl 100Ib. in lhjscxample), thcbound-
ary WW can be definecl .

\Mren the spccd is ,18 knots, n" is 1.77 and is attalned at
a flight path slopc of jusi under 54 degrees.-i'he corre
sponding cable knd is 1100Ib, so thcboundarics i,rtcrsc.i
here. At higher spee.ls, theweaklnrkwillbreakbcfu! thc

Figure 3 assL, mes i cable anS lc of zcro, nnplying ihrt the
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gtider is onlyjustclcar of thc ground. Obviously, no pilot
inhisorher right mind r{ould\4'ish to a.hieve a flighipath
slope of 54 deBrees ni such circumstdtcs. This casc is only
irrserted to display an cxirdnc Lhcorciical condiiion.

Iiwi[ be noted that &e boundary WW cofiesponds verv
nearly io a.onstant flightPadl slope (aboutg clcgrrcs in
figure 3). Thc varia tions in Uftldrag ratio are responsible
for the departure from constanry.

In Figure 3, flight is possible anywhere $'iL\h the area
b.u,d.d b) \t l^ \,\ Y- 0 Jnd \ - orlnor: (rhL m".i,n,,r,
permitted launch speed in dns example). If reqLlired, the
diagram could bc claboratcd by it1s!1tn19 lines ofcorast.nt
lo.rd [,r.ror .r $ ints r.{'r L'Lrdirts n'om.1,l .'i,.
A similar diagram car be drawn for odrer cable angles.
Another exteme case cofesponds to 7" = 75 degrees, the
greaiestangle considered ln airworihiness re.luiremenis
such asJAR 22,leadint tobolurdaries asshown nr Figure
4. Note dr treatly expanded vertical scale compared with
drlrt ofFigure 3. The significant featu res are ihat drc sialling
spe€d canbe as lrigh as 56 knois, about 5591' higher than the
treeflithtlgvalue,and thatsm;Lllfl 

'ghtparhsiopesleadtolarge incremenis Ln stallint speed.

6. The stalling boundary in more detail.

If thestalingspe€datan]' ponrt on thestallnrgboulrdary

60

o

'sV. 
and Us is thc corrcspond ing .linrensjonless quantiiy

thcry on thebound.rr!, U in (a) be.omcs U. and, from (13),

n bcc(mes (U, /Usj)r. After sonc r( arrangcmcnt, (4)leads

U.= (2E,"",.osi) U., / 2tr_,, tjs, cos ('/+ ).)- (1 + U,, sln
(T n r)) 04)

This gives U, 
'rn.l 

herre V. nsanexplicii fturctior of the
cable angle and flight padr slopc, given the propcrtiesof
ihe gtider. Again, t]le above equations ennble the couc-
sP(Ddhtvaluesof ft e cablet.'llsion h)befouid. Hcncc ihi'
maxnnum stalling speed for a given flight pa dl anglc, V-.,.
h'hen the cable tensjon coffesponds to weak lilrk stren8th,
can alsobe found. Figure 5 shows these stallingborlldaries
{or various cable gles, togetlEr rLith tlrc locus of V!d, as
a ft,nctn r of cablc anglc.

7. Approximations.

Fxpressbns such as (14) arc fanly conplicatc{ and, for
pmctical purposcs, somcfinrg simpler would bc dcsir-
able. the obvious simplificalion is to neglect dre dr.rg, on
thc fI ourds ihat this isa srnall forcc compnrcd !vith others
aciinig on d1e glider.lhe expressl.'r fo. thest.l]nrt speed,
concspond g b (1'l), thenbeconts:

35 45sratt,lJo SPEED, Kl{OrS

FIGURE 5. Stahrg bourdarics for various cable algles shownrg the locus of Vr.i.,, ihe sPecd at which ihc stalling

boundary inters€cts th€ weak ljr* failurc boundary.
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IICURE 6. V**ns a functbn ofcabl€ anglc.

v.= V" (cosi,/cos (-r+)"))"r. (1s)

For given values of l, and 1, this expressiol underesti-
mates tlle sialling speed snre removal of lhe drag de-
creas1rs the requiftd cable teNn)n nnd hen(t'd(\!reases dre
l()ad factor. Howcvcr,lhe great( st interest a llaches t() thc
\.,lu, sul V.,.rl,'lli'lne..'l_l' . nql'. llllr" lr.'{ r, {.,Ir
neglcck{.rnd iJdrw.'ik linkshlxrSthis Q,,., then, from
(2)nnd (7). $ith l. = 0:

Q/w = tan y,

and on thc stalllrgIn)undarv,

(vS/V,,):: n = seq.

I lence, from (u) and (18), rvhen Q = Q...,,

v,,, = \, (l + (Q.../w)')' '. (le)

T.ikin8 dle figur€s for the Standard Clnssglider.ons;d'
ered abovc, withClnix - ilixl lb, V. 

.,, 
from (19)is 48 knots,

which is L'lnost exacLly corrccL. ( lh con espor ingflight
pnthslot)e hrrnsoLrt n) bc 56 deSrccs, orabout 2 dcgrccs
more lllnn tllc "accurr te" valuc. In efleLL thcgre.t rfiight
path slopo compensntes for theneglcct ol ihe dr.8).

lfiis largc and y is snrall, thcn sin (1" + y)+ 1 ind cosY

I lence, atV*",, fronr (18) and (20),

v"",- \,(t+ (a,,,/w))'" \21)

Irortlr prcscnt.x:1nrple,\'..,i b(\:onrcs56 5 knoLswhich.
aganr, isalJmstexn.tlythesnnicnst]1e'ac.Lrrnte" \'aluc
lle loid tactor frcnr (20) is 2..17,.rlso ierv close to thr
"accurntcJ'\'aluc. n dei.rilcd ..lcuhiion shows thit n.-
glclting the dn8 nroducrLs a flight path slop('al.out 1.5

de8rces grc{tcr Ihnrr tlrc "accrrrdtr" value .rt $eak ]nrk
failLrre. Oncem(rru, the incrersc in fllghtpath slopc conr
peNaics fol the atis rccofdr.rg.

8. [ffcct of ballast

Ai W = 75{l lb.n(l }, = 0, Vr,L is 4il knots ilr tlx: aboli'
cxample. lf the $'eight is increasc.l to.l00 lh. bv waiLr
ballast, Q,"./W rlcc'ensl* fronr L{7 k) 1.22 bnt \r., in-
cren ses fr( rD 36 to 3().1lnols. V.., llxrbc.orr(,s.l9.5knots,

At lar8c vallres (,f i, \/.., L,r.roases lrollr 56.5 to 58.7

9. The consequen.es of slallinS

Recent nccide,rts hnve shot!n tlut thr curs(llur.cs ol
shllnrg trtst .rftcr lh('stnrt of n lnunch nrar tre fatal. In
pi'ticLrl.tr,. wing(lr(,pnra) lpnd tosonlclhinBrr)tunlike
ihc bcgirlrlng of a llick roll if tho winch (,rtinLres to pull.

Stallnrg, and possilrle spnrning, to\\n.drt lht' bf of .r

larurch n)i8ht bethought lcs.s d.lnge(rs: givc"t d rca5on-
able hcight ol laur( l), thcre should bc sLrift:imt hcight

06)

on

(18)

Q/w - r' 1, approx. (20)
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avnilableior recovery. Ho\^.'vrr,.Iother rc.ent.1c.ident
in lhc UK nrdicated othe^vise.

Lr gener.l, breaknrg dre weak ]nlk rvould seem b be
s.rter dlan sta nrg. fure is ro renson for a wnrt b droP or
for loss ol control an.l recoverv consists cd a re.rsonablv

lxornpt pushover.Ii tlr stari of dle pushovs occurs 
'rt 

a
certrin speed.rnd heighi tlrn, neglecting tlr dra& dle
sdmcspeed!\'il1bcattahcclrvhcnLhc itiall ghiisagain
renche.l. The efect of drag on sLr.h a manoi'u\'re, ifper
tonned reison.rbly b risklv, is qujte small. Tlris oI course,
assumcs ilut thcrc is suflicrcni clcvator authoriiy to pcr
lonn the nranocu\r c satisfa.torily. Evcn so, iL rroulLi scenr
cxtrcnlcly nnprlrdcnt lo fnrll up so sLccply just aftcr lhc
stari of a laurch tirai drc !!cak lnrkbftraks, as nr Iiigrrc 3,
ata lliShtpath slopc of 5,1dcgus ard a spcccl ofperhaps
50 knots.

The above slrgtests thnt it js desirable iob.'fiying at a

sPeed gr.ater dr.1nV...,,.1t dle begjfltr8 of dle laul.hdnd
prcfcrablytluoughouttlL'ldrurch Att€mpftrgtuchnbtoo
stee y ivill then rcs!lt 

'n 
failu.e of ihc lveak lnrk and not

nr n st.rll. Some Flisht \4anLrals alrc-ady sivr- sonre.d!ice
of iheselines. Forexanrple, thatoltheGrobCl l03C st.ics
th.t thc normal launching spttd is app()xnrutuly 62
knots. This ailrecs v cr v clos.:h w itl r ihe vali,c givcnby (21).

10. Iffect of rlenk ltuk strength

If!reasint thr weak link slrcngth, otller d1nr8s trcinS
equal,lvj1l rnove lhewWbonrdaryupwardsnr dhgrans
slr.]r.1s ligure 3. It will be possible to slnll thc:llider at
highcr spe(ns nnd steel.er flight paih slopes ind, on ihe
sqrk hrk failure boLndaq', the load fac tor a nd wnrg r(X) t
b.rr.1hg Nnnent rdtio rrill tir irc.ense.l.

lor cxample, if thc Siarrlard Llass glnler ol tlre rbole
.a lclr lain n! r{'€re Lr Lrrhed m error c n 220llb. wcnklnrk
thcr, lvith..able drr8kr of 75.legrees, n lo.d i.r.lor of:!.9
coL,lcl be a.hicvcd il ihc did(r w(:r. fl)x,g.rt 71 kiots ((;

knots abovc lhc maxinlun wrlt:lr launch spct'd).l'lt l\'ntg
rooibendil1g momeni rnlio would bc 5.31, col rlrsl,ondit]g
ir) conditions slightly outsi.le the manoeLlvmrt envclope
and possiblt l.idhg io dan\a€ie. fts sihration nssrLnres

fi atihehook and thestlxclLrre io which itwrs.ttachcd did
not hil lirst.

Nloral:always emure tl1at ihe correct lvca k link is uscd
rnLl rcspect thc wnr(hingspcc.l limiiatnrn.

(i) ror a silen slider perrorning i !v!1.h laurch
rrithagiven anglc of ihc laun.h .ab b k)thelt()rizo|
ial(at thcglidcr) it is possiblc to dcri\1,rd.rtn,rsNps
beb{een ihe spee.:t nnd the niSht pa th sbpe corr.r-
spondj'rg io ihe glnle. stalling or thc rvc.k ln,l(
breakn,g.

(ii) lt is dnls possitte to.tefhe boundarn s within
wlich operation is possible, consisting of the above
stalling ancl rvcak link failure bourdaries, togelbcr
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\^,ith theconditi(,rs ilLrt thr flightpith slol.c shorld
be posiilve nD.l the nr.x,nlrinr peilitted win.h
launch speed should notbe.'x$eded

(iii) I lrertisaspe.de(,r tspo[.lingto thcintcrscc
tjon of theboL,n.l.rries nlt,rtioned nr (i), dc,x)icd hy
Vr,,. Atlo,.r lpeeds,.tttrlrrpts h)clirnbskl,pl) will
ctll,s.'the tLjder n) st.tLl b.'fore d,e s,eil link brcak.
At high.r sp(tLls, tile.on\os( siiualion will npply.

(iv) [\prcssi!,rs n)r v, rrt as finLrvs:

At sDrall caHr ingles,

v..,, vs (l + ((-1,,.,/rv)r)

rvlilst at large nngles,

V,.,=V,, (l + (tJ.,,,,/w))'

(re)

(lt)

Althoulir \rrio!s npprl,xiorntions have been rnndc n1

d.'ri\iDg these exp.ess,ons, th.'v.rre quite acrurait.

12. Recommendilions

lf iiisa..cptud tlLrthrr:akirrg iltrwcaklnrk is Iikcly tobe
lessh.z.lr.lous thnu st.riLnlil the glidtr ther lt is desir.blc
drat dt spetd sl1ould cx..d \/.,,, at.rll ftrks durng tllc
laurt1. Sincc \/-.., is :r hrncinD (,f.rablc in|l(, sonrr
sinr}rlili.:d rul{r is Fquir..l h)r pr.ctical applnadrnl. Th(:
highcsi vahc of Vi., is !.i!en by .rqua nr (21), so lhc
simplestrulc is Lh.L ihcspcccl should notnoorally bc lcss

lhan lhis value. (liunchnrg at a l,)$a,r spccd is feas;blc
pro! iLlc.l ihai thc fik)i docs noi tr,v n) cLnnb toostc€pl\r.
lirr a lyf,ic.l St.fd.rr.l ( lics glkl.r, tlt fulcv.rrrt spted
would bc about 5(r krx)ts. lt is proposed tlrit the tjilrir€
c.].ul.lr,(i lrcn, r't,,rrnnr 12ll rl(r tr. qu.ted nl $e
llLght Mniral

Throughou( lhis tif.r, it has bcor asslurted that the
h'eak |i.k\^ illbre,rkwhef thc loid nr thccablctud.-hesdre
ratcd Lrltimah,strcngth of the lveak link, Q",,,. l-his is

consistcni wiih tlr .orLsi.leratxrir of sie.dY stalc condi
iiolrs, *fiich i!ill rnrplicitlv cxclu.lc surge loads.

H()1^ ever, ior stress jnS pLrposes, C)S IlVAS section 3.62

requires cable to.rds rrp to 1.2(1.,,,,. to be considered. The
facto. of 1.2 is intcndc.l kr .leil with sudd(rrl,v iPPlicd
loads iotetherwiLh i wcak lnrk r'hic'his20'1, ovrr'strc'ngth

..Jn.'r.ri., I rrr./Ll',
lf rtis.lesirecl to consid.r lhr (:fie.tsolth.'hLghcrcable

l')idsonthetrornrlir( s,(.1 .,inthePrf'c'rsidrpll beconri-s

1.2(l,,.i,1quaiknrs(ie)rnd(ll), lo.e\inlflt. Usingth.
r,r..tur ttr.\' ... ,r.r, ... !,.,-.lrl' r,,r ,r.r ', r.
ing the $eak h* slrcngth fron, ll00 lb. b 1320 lb.

lncrenses V!-, by 3 knois ai low cable nntlcs a|J 3 3 knots

at ln rte nnglcs. ln ihc la ticr case iibe.om cs r ro less ihan 59.S

knois (60 ln ro,nnl figurc!). At :r caue ingl. oi 75' i d ir

speed of65 knots, thc wirE r{ x)t bencl inS nrolnent.ntio at
rv, .k link f. il, irp in.r.is.s lron 3.16 b 3.60.
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wingr@rb.nding nomenl

Ratio of lhe winS root tEnding n\onenl

rorh.t in fre niShl.l n=l

Load f.clor ar ll\€ nill

\tarimum (able lcnsion bhen lhc Ne.r link tails

Din,cns,onl6s sP€$d. v/v'lrl
Dim.nsionless slallinE s}{.d, V5lvDr

Ditrrnsionlss slatlln85Fid in frrc niShr

at n = l, ie vsr/V-a

Mini'ium draS sPeed

Sl.llin8specd
Sl.lling rpced in tre lliEhtatn = I

Sped .t the intcllYlion of th. shllnE

and wcak link f ailute boundsi6
Total w.i8hr ol the glider

Sprn\tit€ lo.rlion ol rht.cnlre ofsrarLLtor(rn! !iing

(.1/),r) (2)c/b)

Flight path sloPe. po5irirc lpw.tds

Slopc o{ rhe tosint (ible.t rh.6lidct rclari!( 1o th'hdriTontll'

posilive dohlnvrrds
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Sorc rhil illsPellt,r{ cqrivrl.nr', i e, V is \1ndly lhe r'!c ri6f('$ nrultidied

by (p/p")r/2. where p. is lhc slrnd.Id s.! ltvPl rir d(fsily
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