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l,INTRODUCTION
The problem of the correct behavior of a glider in

towed flight is very olten discussed among the design
els and groups responsible for safety.

During take-off the tliders, especially those ofa great
spa& tlrc inertia moments oI which are high, suffer
troubles due to disturbance of the take-off path when
catching the wing tip on the tmss or other obstacle.

In such a situation a recovery moment of the towing
cable is necessary to regain the initial direction of the
groundrun.

So for Sood control there must be r.atrsfrcLory arm
of the towing cable force about th€ giider c.g. In other
words thetowinghooklocationshor dbeascloseto the
fuselaS€ nose as possible.

This recluirement however, is adve$e for perfor-
mance reasons, where the designers attemp t to preserve
the laminar flow on the fuselaSe front part as far as
possibl€. The towinghook creates a source of air-stream
pelturbation and leads to turbulent fl ow, decreasing the
low-drag portion ofthe fuselagewetted area.

The designers drus have tobalance the two thints
performanc€ and safety in towed flight.

Sinc€ the problems are complex it is not possible to

give a full and simple criterion for the towing hook
location. Nev€rtheless some databased on statistics as
well as the test pilots opinion canbe helpful in making
the choice-
2. FORM OFCRITERIA

In pmctice the basic characteristics of towed flight
depend on the ability of the glid€r to stabilize the flight
path. Wlen the traj'€ctory is disturbed the towing cable
force should produce a moment to cause the glider to
follow the towing airplane path.

This situation depends mainly ontwo factors:
- towinghook location,
- inertia characteristics of the glidcr.
To creatc a simple criierion containinS both above

factors it is necessary to make some assumptionsl
1. Forcomparison purposcs thc cable forcehasbeen

taken as equal for all the gliders compared. For simplic-
ity ofcalculation it hasbeen taken Pcab as 1000 N.

2- The assumed trajectory disturbance pattern fol
lows the requirements oflAR-22. The cable is displaced:

- in vertical plane 40 downwards and forwards
- in horizontal plane 30 sidewards and forwards.
This means that a different crite a must be estab-

li,hed for tlre \ e't icrl and hori,/ontal plJne5.
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Thegeneral shape of the cr;terjonis propos€d in the For an angular displac€ment of 40' the formula (2)

ty=0,643x-0,7562
(3)

(4)

From (l) and (3) the criterion for thevertical plane
J 0)

Pcab - cable force of 1000N
r arm of the cable force in respect to 8lider c.8. and

axis under considaration
J - in€rtia moment about glidc! c.g. and axis under

So the numerator reflects the stabilizing moment of
the cable force and the denominator defines the glider
inertia.

3. VERTICAL PLANE CRITERION

As shown on Figure I fte towing cable alm about

Sliderc.g. and lateral axis /"y" / lsl

^, = \ <in 40' - z.os 40"
' \tt

x-longitudinaldistancebetweenthegliderc.S.and
towing hook,

z - vertical distance between above ponrts.

k"= (0.64rv-o,?6az): 643r-766z
J

J! 'inerlid moment.rbout the l.rter.rl dxis / y"/
and g)ider c.g.

4. HORTZONTAL PLANE CRITERTON

The circumstances for the horizontal plane are shown
on Fig.2.

The towing cable arm is:

rx=xsin30'
(s)

which for the displacement of30"becomesl

rx=0,5x
(6)

The horizontal plane criterion is thus:

towing hook

Figurel. Pitchina.
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P . = 1000Ncao



location

hooktowing

(.7')

Jz' incrtia momentabout ihc vertical
axis /"7"/ anC giider c.g.

5. INFLUENCE OF C.G, LOCATION

To reflect the Slidcr c.g. location the
corresponcling va lu es of d istances " x" a nd,
"z" should Lre taken into accouni for:

front c.g. lnnit, and

- rear c.8.limit.

The correspondin8 8lider nlasses should
alsobe taken into accountincalcuhtnrg the

The crit€ria are thus esiablished for f ront
and rear c.g. locations.

6. CAI,CULATION RESULTS

To oblain a rvide range of statistics ihe
criteria crlculations have been made f or 19

gliders dcsigned in Poland, including vari
ous types namelyr performance/ traininS,
single and two-seater types.

For every glider model the following
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entry data have been presented:

x - lonSitudinal position ofthe towing hook with
respect to Slider c.g.

z - vertical position of the towing hook with re
sPect to glider c.8.

Iy- ineitia moment about "y" axis and Slider c.g.

Jz - inertia momentabout "2" axis and glider c.g.

The results are shown in:

- front c.g. location /Tab.I/, and
- rear c.g. location /Tab.IIl.

T.CONCLUSION

The glidersl SZD31 "ZEFIR 4," SZD-32 "rOKe 5,"

SZD-42 "JANIAR 2" and SZD-42-2 'JANTAR 28" are
repo ed by th€ pilots to be rather difficult in aerotowing,
especially during the ground rull for take-off. Some
troubles are met also with glidersr SZD-29 "ZEFIR 3",
SZD-40X "HALNY," SZD-43 "ORION" and SZD 55 l.

Comparison of the pilot opinion with the calculation
results shows that:

- in the vertical plane /pitching/ the criterion
value of ky .0.8 for the front c.8. limil rnd ly ' 1,0

for tlre rcdr c.A. limil a'e wilhin lhe area ol poo'
towing behavior. For the values ofkv <0,7 for front
c.g. limit and kv <0,8 for rear c.g. liinit the sever€
difficuhy canb6 met especially at the beginning of
the ground run for take-off.

- ln the horizontal plane /yawing/ for the cnterion
values kz <0,25 for the frontc.s. limitand kz <0,20 for
th€ rear c.g. Limit dre Sliders are rather difficult to
control on aerotowing and ground run as we[.
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