SPEED AND FLIGHT PATH
BOUNDARIES FOR
WINCH LAUNCHING

By F. G. Irving
Prepared for OSTIV Sailplane Development Panel

Summary

This paper examines the relationships between speed
and flight pathslope during a winchlaunch which define
boundaries corresponding to stalling and weak link fail-
urerespectively. Thespeed corresponding to the intersec-
tion of these boundaries is shown to be a function of the
cable angle to the horizontal for any particular glider.
Simpleexpressions for thisspeed are derived, correspond-
ing tosmalland largecable angles. [tisrecommended that
thelatter figure should be quoted in Flight Manuals.

1. Introduction.
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This paperattempts to offer some explanationsrelating,
to fatalaccidents in the UK in which the glider may have
stalled during a winch launch. When Bill Scull, Chairman
of the Trainlng and Safety Panel of OSTIV, was looking for
some technical advice, [ was able to apply an existing
computer program inorder to define stalling and weak-
link failure boundaries. This program was not initially
intended for public display and was fairly user-hostile, as
indicated by the sample of printout reproduced in Refer-
ence 1.

Fn‘li'_‘ ]3]'(3}'_‘11'[! Imwas t“\le.‘-iC(ll_ll?ﬂ t 1} r‘eﬁ | l(_’d fer make itmore
friendly, explicitand useful. Atthe same time, the oppor-
tunity was laken to L’,\pnnd the relevant tlu_’ur_\_,-'.
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At the end of this paper, some very simple results are
derived, with the intention of suggesting a safe launching
speed. It was fell worthwhile to develop a fairly compre-
hensive and accurate theory in the first instance, both to
provide an insight into the problems of winch launching
and to provide a means of assessing the accuracy of the
simpler results.

2. Assumplions.

At any instant, the glider is supposed to be in equilib-
rium under the influence of the acrodynamic forces, the
weightand the cable force. Any acceleration, whether due
tospeed changes or curvature of the flight path, is therefore
neglected. Intuitively, this would seem to be reasonable,
except near the start of the launch.

This assumption implicitly involves another: that the
balance of moments acting on the glider need not be
considered. In other words, the elevator authority is such
that any of the postulated equilibrium conditions can be
attained. This is doubtless realistic for gliders having a
markedly aft location of the winch-Jaunching hook, to-
gether withadequate aerodynamicelevator effectiveness.

Insome previous analyses of winch launching, the drag
has either been neglected or a constant lift/drag ratio has
been assumed (e.g., Reference 2). In fact it is not necessary
to do either and the present analysis assumes a parabolic
C,, - C, polar. The effect of the drag is mostly rather small,
butitdoeshaveasignlficanteffecton the cable tensionnear
the top of the launch. This method of accounting for the

drag probably underestimates its value at lift cocfficients
close to the maximum.

‘The method of calculating the stall boundary assumes
that the maximum lift coefficient of the glider is constant
and has the same value as in free flight. The overall
maximum lift coefficient depends slightly on the elevator
angle required to achieve it, which may notbe the same as
in free flight. This effect seems likely to be very small, and
the stalling speed will then be proportional to the square
rootof theload factor, L/W. However, in unsteady condi-
tions the value of the maximum lift coefficient may in-
crease, leading to higherloads than those considered here.

One of the significant angles is the flight path slope, the
direction of motion relative to the surrounding air. Itis not
the same as the glider attitude as perceived by the pilot,
whichis greater by the angle of attack. Nor isit the same as
the flight path slope as perceived by an external observer,
which is influenced by the wind.

The slope of the cable is the value at the glider. This will
not be the same as the slope of a line drawn between the
glider and the winch, due to the sag of the cable.

An important quantity is the ratio of the wing root
bending moment during the launch to its value in free Ig
flight. Excessive values can be avoided by the use of a
suitable weak link and it does not normally present a
problem - but it could be critical if, in error, too strong a
weak link were used. In free flight, the value of this ratio is
substantially the same as the load factor. Thisis not the case
during the winchlaunch, because the downward bending
moment due to the wing weight is not scaled by the load
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factor, as is the lift. Indeed, it is diminished, as a conse-
quence of the flight path slope. The value of the “bending
momentratio” calculated by the program WINCHER (see
Figure 2) assumes that the spanwise distribution of the
wing liftis elliptical and that the ratio of the wing lift to the
total lift is constant. Also, details such as ignoring the
weight of the wing root fittings are neglected.

Finally, the program WINCHER provides values of the
“cable power”, largely as a matter of general interest. This
slmply represents the power being supplied to the glider
by the cable tension. It is worth noting that a very high
proportion of this power is applied usefully to lifting the
glider 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 implicitly “equivalent” airspeeds,
which means that the figures for cable power are only
correct at sea level.

3. Possible Boundaries

Agivenglider, with the winch cable ata certain angle to
thehorizontal (see Figure 1), canachieve various combina-
tions of speed and flight path slope. To some extent these
will be determined by the characteristics of the winch and
the way it is driven. Here, itis assumed that the winch can
always enable the glider to achieve the relevant speed/
flight path boundaries.

These boundaries may be determined by the following:

(a) the stall;

(b) breakage of the weak link;

(c) available winch engine power;
(d) structural loads.

Of these, (c) is unlikely to be a limitation with modemn
winches and, as noted above, (d) is only likely to be
significant if the wrong weak link is used. This will be
considered later, but the analysis below is mainly con-

A program by F.G.

The "Cable Power' is also listed.

Steady-8tate conditione are asssumed.

In the tables below,

Max Lift/Drag ratio = 39 at 51 Khots
Take-off weight = 750 1b.
Ratlio of wing welght to total weight

Launching Bpeed = 45 Knote
Slope of the cable to the horizontal

WINCHER

Irving to find the load factor,
bending moment and drag for a glider during a launch.

This {is the power being applied to the
glider by tha caeble tension and 1s not the eame aa@ the winch engine power.

the load factor ia the ratio ¢f the 1ift to the welght.
Wing root bending moment 18 expressed in multiples of 1ta value in lg Flight.

Spanwise location of wing CG / semlapan

FLIGHT PATH LOAD CABLE
SLOPE (deg) FACTOR TENSION, 1b
5.00 1.01 85.68
10.00 1,02 152.90
15.00 1.04 222.61
20.00 1.07 296.13
25%.00 1.12 375.01
30.00 1.17 461, 30
35. 0D 1.25 557.69
Lo.00 1.34 667.98
bs,00 1.46 797.78
46,00 1,49 826.77
t7.00D 1.52 856. 96
t8.00 1.58 B8B8. 806
4g.00 1.58 921.37

FIGURE 2. Typical printout from the "WINCHER" program. Note that the figures which appear here and in
subsequent diagrams relate to a typical standard class glider.

0.4
= 0.35

C degrees

Tha level-flight stelling speed i1a 36 kKnots

The glider will stall on the launch at a load factor of 1.56
The weak link will break if the cable load exceeds 1100 1lb.

cable tenselon, wing root

WING ROOT LIFT/DRAG CABLE
B.M. RATIO POWER, h.p.
1.01 3T TS 11.79
1,04 37.62 20.81
1.08 3YAY 29.71
1.14 37.06 3845
1.22 36.58 46.96
1.33 35.93 55.20
1.46 35.06 63.13
1.62 33.90 T s7A
1.83 32.39 77.95
1,88 32.010 79.36
1.93 31.68 80.76
1.98 31.29 82,15
2.014 30, 89 83.53
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cerned with (a) and (b).
If this is expressed in the form
4. Analysis
n’-2Bn+C =0,
Figure 1shows theglider inequilibrium under theaction of

the forces 1, D, W and Q. See also the list of symbols. then the relevant root is
Resolving perpendicular to Q: n=B-{B*-C) (5)
Lcos (y+ L) =Dsin (y+ &) + W cos A (1) Resolving perpendicular to the flight path:
This can be rearranged so that the load factor is: Qsin (y+ ) + Weosy =L, (6)

n=L/W={(D/W)tan (y+A) +cosA fcos(y+1A). (2) and hence the cable tension is given by:

Assuming a parabolicdrag polar (Refs 3 &4), the dragis Q/W={(n-cosy) /sin(y+4). (7)
given by:
The lift/drag ratio may be derived from (3):
D/W=(1/2E_)([U?*+(n /U)%. (3)
E=nW/D=2E nl?/(U*+n’). (8)
Here, E__ is the maximum lift/drag ratio and U is the
dimensionless speed V/V_ . Substituting (2) in (3) gives a If the spanwise lift distribution is elliptical and the total
quadratic equation in ‘n” which can be written: wing lift is nW, the upward wing root bending moment
will be:

n*-(2E  U?)n/tan (y+A) + U+ (2E__ U “cosi) /sin
(y+A) =0. (4) (W /2)(b/2)(4/3m). (9)
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FIGURE 3. Flight path slope/speed boundaries for a cable angle of zero degrees. Points on the line AA correspond to
| lines in the tabulation of Figure 2.
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If the total wing weightis W, and the spanwise Icrcatum
of the centre of gravity of one wing is y , then the down-
wards wing root bending moment will be:

(W,,/2)y, cos¥. (10)

The difference between these two quantities gives the
resultant bending moment:

M = (Wb/3m) (n- W, Y, cos A). (11)

Here, W, istheratio of the wing weight to the total laden
weight, WW /W, and Y is (4 / 3n) 2y ./ b).

The ratio of the bendm5 moment durmg the launch to
thatat (n= 1,y = 0) will therefore be:

= (-Wo Y cosy) /(1-W, Y.,) (12)

Hence, given the values of I, U, y and A, the corre-
sponding values of n can be found from (4) and (5) and
hence Q/W from (7). Knowing the speed for best glide
angle, V. and the weight W, the actual speed V and the
cable tension O can be found.

The above equations involve only dimensionless quan-
tities such as the load factor or ratios such as Q/W. The
convenience of this approach is that the equations are of
general applicability and only require the knowledge of a
few straightforward quantities such as the maximumlift/
drag ratio and the corresponding speed to obtain results
for a specific glider.

5. Application.

A computer program based on the above analysis is
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FIGURE 4. Flight path slope/speed boundaries for a cable angle of 75 dcy rees.

53 60

eas:h dulqed ()nL possibility is to prodme an nutput
such as that shown in Figure 2. The input consists of the
characteristics of the g,hder the cable angle and the launch
speed. A series of values of the flight path slope are then
chosen. The outputthenrelates to aseries of points onaline
suchas AA inFigure 3. The glider chosen for this example
is approximately an ASW-19.

Boundaries such as the stalling boundary SS and the
wealk link failure boundary WW may be deduced by
inspecting the outputand, if necessary, making theappro-
priate interpolations.

For example, if the stalling speed in steady 1g free flight
is V., and the launch speed is V, then the glider will stall at
a h)ad factor ns where

n=(V/V,)? (13)

In Fig.2, the speed is 45 knots, n_is 1.56 and therefore
corresponds to a flight path slope of about 48 degrees, or
pointS inFigure 3. The corresponding cable tension is 888
Ib. so, given a weak link of 500 kp (1100 1b.), the stall is
attained before the weak link breaks,

By proceeding in this fashion, for a series of different
speeds, the stalling boundary S5 can be established.

Similarly, by noting the combinations of speed and flight
pathslopewhich produceacabletenslonequal totheweak
link strength (takenas 11001b. in this example), thebound-
ary WW can be defined .

When the speed is 48 knots, n_is 1.77 and is attained at
a tlight path slope of just under 54 degrees. The corre-
sponding cable load is 1100 Ib, so the boundaries intersect
here. Athi gherspeeds, the weak link will break before the
stall occurs.

Figure 3assumesacableangle of zero, implying that the
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glider is only just clear of the ground. Obviously, no pilot
inhisorher right mind would wish toachievea flight path
slope of 54 degrees insuch circumstances. Thiscascisonly
inserted to display an extreme theoretical condition.

Itwillbe noted that the boundary WW corresponds very
nearly to a constant flight path slope (about 54 degrees in
Figure 3). The variations in lift/drag ratio are responsible
for the departure from constancy.

In Figure 3, flight is possible anywhere within the area

bounded by 55, WW, y=0and V = 65 knots (the maximum
permitted launch speed in this example). If required, the
diagram could be claborated by inserting lines of constant
load factor or wing root bending moment ratio.
A similar diagram can be drawn for other cable angles.
Another extreme case corresponds to A = 75 degrees, the
greatest angle considered in airworthiness requirements
such asJAR 22, leading to boundaries as shown in Figure
4. Note the greatly expanded vertical scale compared with
thatof Figure 3. The significantfeaturesare that the stalling
speed canbeashighasbbtknots, about55% higherthan the
free flightlg val ue, and thatsmall flight path slopeslead to
large increments in stalling speed.

6. The stalling boundary in more detail.

[fthestalling speed atany pointonthestallingboundary

is V_and U, is the corresponding dimensionless quantity
then, on the boundary, Uin (4) becomes U_and, from (13),
nbecomes (U /U )% After some rearrangement, (4) leads
to:

U.= N(QEIW cosk) U /2B U_‘;II cos (y+ A) - (1 + U, sin
(y+A) (14)

This gives U_and hence V_ as an explicit function of the
cable angle and flight path S]Upc, given the properties of
the glider. Again, the above equations enable the corre-
sponding values of the cable tension tobe found. Henee the
maximumstallingspeed foragiven flight pathangle, V,_,
when the cable tension corresponds to weak link strength,
canalsobe found. Figure5shows thesestallingboundaries
for various cable angles, together with the locusof V__ as
a function of cable angle.

7. Approximations.

Expressions such as (14) are fairly complicated and, for
practical purposes, something simpler would be desir-
able. The obvious simplification is to neglect the drag, on
the grounds that thisis asmall force compared with others
acting on the glider. The expression for the stalling speed,
C(n‘reé;pnnding to (14), then becomes:
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FIGURE 5. Stalling boundaries for various cable angles showing the locus of V__, the speed at which the stalling
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V.=V, (cosk/cos (y +A))'/%. (15)

For given values of L and v, this expression underesti-
mates the stalling speed since removal of the drag de-
creases the required cable tension and hence decreases the
load factor. However, the greatest interest attaches to the
valuesof V,  atextreme cable angles. If the drag is again
neglected and if the weak link strengthis Q_ then, from
(2) and (7), with A = O

n = secy (16)

Q/W =tany, (17)
and on the stalling boundary,

(VS/V,)? =n=secy. (18)

Hence, from (17) and (18), whenQ=Q__,

V.=V (1+@Q

i T/ W) P (19)

Taking the figures for the Standard Class glider consid-
eredabove, withQmax=11001b,V,_ . from (19)is48 knots,
which is almostexactly correct. (The corresponding flight
path slope turns out to be 56 degrees, or about 2 degrees
more than the “accurate” value. Ineffect, the g greater flight
path slope compensates for the neglect of the drag).

If & is large and y is small, then sin (A +v) — 1 and cos v
—1, 50

Q/W =n-1,approx. (20)
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Hence, atV__, from (18) and (20),

v"-:-rir‘: V.‘wl (1+ (in.n/w)) He (21)

Forthe presentexample, V,_, becomes56.5knotswhich,
again, is almost exactly the same as the “accurate” value.
The load factor from (20) is 2.47, also very close to the
“accurate” value. A detailed calculation shows that ne-
glecting the drag produces a flight path slope about 1.5
degrees greater than the “accurate” value at weak link
failure. Once more, the increase in fllght path slope com-
pensates for the absence of drag.

8. Effect of ballast

AtW=7501band & =0, V_, is 48 knots in the above
example. If the weight is mu&hcd to 900 lb. by water
ballast, Q /W decreases from 1.47 to 1.22 but V o iN-
creases from 36t039.4 knots. V.., thenbecomes 49.5knots,
asmall increase,

At large values of A, V_
knots.

, increases from 56.5 to 58.7

9. The consequences of stalling

Recent accidents have shown that the consequences of
stalling just after the start of a launch may be fatal. In
particular, a wing drop may lead to something notunlike
the beginnlng of a flick roll if the winch continues to pull.

Stalling, and possible spinning, towards the top of a
launch might be thought less dangerous: given a reason-
able height of launch, there should be sufficient height
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available for recovery. However, another recent accident
in the UK indicated otherwise.

In general, breaking the weak link would seem to be
safer than stalling, There is no reason for a wing to drop or
for loss of control and recovery consists of a reasonably
prompt pushover. If the start of the pushover occurs ata
certain speed and height then, neglecting the drag, the
samespeed willbe dttamcd whentheinitalheightisagain
reached. The effect of drag on such a manceuvre, if per-
formed reasonably briskly, is quite small. This of course,
assumes that there is sufficient elevator authority to per-
form the manoeuvre salisfactlorily. Even so, it would seem
extremely imprudent to pull up so steeply just after the
start of a launch that the weak link breaks, as in Figure 3,
ata flight path slope of 54 degrees and a speed of perhaps
50 knots.

The above suggests that it is desirable to be flying at a
speed greater than V,__ at the beginning of the launch and
preferably th_mughou - tlle launch. Attempting toclimb too
steeply will then result in failure of the weak link and not
ina stall. Some Flight Manuals already give some advice
on these lines. For example, that of the Grob G-103C states
that the normal launching speed is approximately 62
knots. Thisagreesvery closely with the value givenby (21).

10. Effect of weal link strength

Increasing the weak link strength, other things being
equal, will move the WW bound aryupwardsindiagrams
such as Figure 3. It will be possible to stall the glider at
higher speeas and steeper flight path slopes and, on the
weak link failure boundary, the load factor and wing root
bending moment ratio will be increased.

For example, if the Standard Class glider of the above
calculations were launched inerrorona 2200 1b. weak link
then, with a cable angle of 75 degrees, a load factor of 3.9
could be achieved if the glider were flying at 71 knots (6
knotsabove the maximumwinchlaunchspeed). The wing

root bending moment ratio would be 5.34, corresponding
to conditions slightly outside the manoeuvring envelope
and possibly leading to damage. This situation assumes
thatthehookand thestructuretowhichitwasattached did
not fail first.

Moral: always ensure that the correct weak link is used
and respect the winching speed limitation.

11. Conclusions

(i) For a given glider performing a winch launch
withagivenangle nF the launch cable to the horizon-
tal (atthe glider) itis possible to derive relationships
between the speed and the flight path slope corre-
sponding to the glider Hlallmb or the weak link
breaking.

(ii) It is thus possible to define boundarics within
which operation is possible, consisting of the above
stalling and weak link failure boundaries, together

VOLUME X Vi, NO. 4

with the conditions that the flight path slope should
be positive and the maximum permitted winch
launch ‘;peed should not be excuedvd

tion of the boundarles nwuh(med in {1} dcnotLd hy
V... Atlower speeds, attempts to climb steeply will
cause the glider to stall before the weak link breaks.
At higher ;_;peeds, the converse situation will apply.

(iv) Expressions for V_ are as follows:

Al small cable angles,
Ve~V (1@, JWP ), (19)
whilst at large angles,
V= Vg 4+ (Q, /W)™ (21).

Although various approximations have been made in
deriving these expressions, they are quite accurate.

12. Recommendalions

Ifitisaccepted thatbreaking the weak link isTikely tobe
less hazardous than stalling the glider, then itis desirable
that the speed should exceed V__ at all times during the

swTit

launch. Since V__ is a function of cable angle, some
simplified rule is required for ].')ldt tical application. The
highest value of V__ is given by equation (21), so the
simplest rule is that the speed should not normally be less
than this value. (Launching at a lower speed is feasible
provided that the pilot does not try to climb too steeply).
For a typical Standard Class glider, the relevant speed

would be about 56 knots. 1t is proposed that the figure
caleulated from equation (21) should be quoted in the
Flight Manual.

"I_"hrou‘c;hou! this paper, it has been assumed that the

weak link will break when the load in the cable reaches the

rated ultimate strength of the weak link, Q_ . This is
consistent with the consideration of steady-state condi-
tions, which will implicitly exclude surge loads.

However, forstressing purposes, OSTIVAS section 3.62
requires cable loads up to 1.2Q)  to be considered. The
factor of 1.2 is intended to deal with suddenly-applied
loadstogetherwithawecaklink whichis 20% over- strength
as a consequence of manufacturing tolerances.

Ifitis desired to consider the cffects of the higher cable
loadsontheboundaries, Q inthepapersimply becomes
1.2QQ - inequations (19) and (21), for exa mple. Using the
figures for the Standard Class glider of the paper, increas-
ing the weak link strength from 1100 Ib. to 1320 Ib.
u‘Lt_Lem.e:,V bv 3 knots atlow cable angles and 3.3 knots
atla rgjeﬂngjlc,s n thelatter case itbecomesnoless than59.8
knots (60 in round figures). At a cable angle of 75" and a
speed of 65 knots, the wing root bending moment ratio at

weak link failure increases from 3.16 to 3.60.
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SYMBOLS

A coefficient in equation (3)

b Wing span

C A coefficient in equation (5)

Cp Drag coefficient, D/0.5 p VIS

CL Lift coefficient, L/05p VIS

D Drag

E Lift/drag ratio

Maximum lift/drag ratio

L Laft

M Wing root bending moment

Mg Ratio of the wing root bending moment
to that in free flight at n=1.

n Load factor, L/W

ng Load factor at the stall

Q Cable lension

Qriax Maximum cable tension when the weak link fails

) Wing area

U Dimensionless speed, V/V 4

Usg Dimensionless stalling speed, Vg/V 4

Ug, Dimensionless stalling speed in free flight
atn=1,ie Vg1 /Vmd

v Atrspeed

Vind Minimum drag speed

Vg Stalling speed

Vg Stalling speed in free flightatn = 1

Veent Speed at the intersection of the stalling
and weak link failure boundaries

w Total weight of the glider

W, Total wing weight

Wgr W, /W

Y5 Spanwise location of the centre of gravily of one wing

Ycr (4/3n) Qyc/b)

Y Flight path slope, positive upwards

A Slope of the towing cahle at the glider relative to the harizontal,
positive downwards

p Air density

Note that all speeds are "vquiml(-nt“. ie., Vissirictly the true a[rspm"d nm]tiplwd

by (p/p'/2 where pg is the standard sea level air density.
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