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T I.JTRO DUCTION

The probfen of to'ring by n:eans of a
rope lr.s lreated anaLylically by ndny
authors (ilef. L,2, G, 1, and 9). In
t942, K. Petrikat and E. Pieruschka (ltef.
8) investigated thc case of a '.ranged
container !o!'rcc behind an aer'oplane on
a short sti.!. Eiqht years later,
P. i{ynilrski, test pilot of the Glider
Experif,LentaI tstdbfislment in Biclsko
(Poland), successfully started on the
r',Jez\,]<" :tLider tith a short stifl toH
behind lire fCSS-L3n plane.

In Lhi. pap.r, the analy[icaf ap-
proach to Lhe horizontat dynanic stabilit!'
of a iigh perfomance Sfider tokEd behind
an aeroplane is pfesent€d,

BASIC ASSL]].,1PTIONS AND ],IETHOD

An aeropfane and d to!,red glicer are
consr:dered rigid lodjes, dnd a to\r--as
th€ s[iff wer:qhtfess stick, wjth bdff
jo:ints at both ends.

The !oUo?ing de?rees of freedon oi
the s!s!er: are takcn into account in Fig,
I: pilchin.J an!les of Lhe acroplane and
the !Lidc!, angLa bellreen the !o-\ring
stick and vecLor of velocity, and hori-
zontal as well as vertical displacenents
of the aeroplane. Five ordinary, secolrd-
order differential- equations (Laqranit-6 r s )
liith .onstanL .ocf f icients ar,a dorived,

tligen-valu!s and cigen vectors of
the 1-nr r. olc.i nonsyTrn' lni( €tr i < drc
.found. On thc base of the conponents of
eigcn vectors, as wcll as coefficic.t$ of
da'nping: and freqLLencies oI osciLLations
t, [hc inllucnce of constructiona] dnd
piloting plopcrties on the stability of
tl:e s''sten is analyzed.

ItHSULTS OF CALCULIT]ONS
ANI C]ONCLUSIOTIS

The results oi calculations dre
presented in !-i!s. 2 thru _,r. The coeffj-
cicnts ol darrLping . and frequencies oI
oscifLations r arc plot1r€l:i against the
vclocity of toeing V, angfe B dcscribing
lhc position of the gtider relative to
Lhc l "r-. Ier . of r; - o. inJ , '.I ^,alld (. _q'rcL l(, DErweer .r -o!il
..rok ol ' r. " ,fider J, . rc c n -r of
gravit): of ttrc grideP (Fig. l).

The folloeing nodes of thc notion of
the system are f ot]nd:

\,, ,.- j 1., vFa^I) d,lnt o

" phuqoid v^rl ical
dispLacenents of
the ql-ider,

ra=ia; ln=io
\,^=--,^+i,.1-^

heaviLy danpedj
pitching, aperi-
odic, or oscil-la-
t1n.r ({ith hirll:
LroqLrency) mor:ion6
of the gf:ider,
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r:=Es
vol-. [, +r

-nondanped aperi-
odic pitching
notions of the
glider and the
plane,

-da-rped aperiodic
horizontal dis'
placenents of the
glider and the
p:La.e,

-nondanped cou-
pled pitching
osciLldtions 1th
high frequercy of
'the .dloLe systam:
t|e qLider and the
tolrirq pLane.

(Fiqs. 2 and 3) and small stabjfizinq
effects-on coLrpLed oscilld.ion" at,t u""

t., o. t" d

'.':-9".DaB
const (Fiq. 8).

',- odior ,. Io.[ - o!-r :oo
d r - f.on, o h-_ t-L h1 " 

.'o g
stabilizin! eitect on the aperiodic pitcn-, dndr:r -d " ._ i

. o o .t-. o
/ o). 4 -

col,icLusrol,l s

Thc results oI thc anaf}eis periornea
for tlxr partlcuLar qlider and to ing aero-
plane shor'J that torring is dn unstal,lc

i Il . o I io
cides riith the earLi€r studies of slabiLity
oi tored systens, as r.relf as lNj-th the re
sufts oI tcst ffight..

Tn Figs, 5, 6, and 7, the thick lines
are related to the \rhole system: the
g:Lider dnd Ehe toning planc, and th€ thin
L_.. "r. I.d.d.o . . Lo!.s.6.r
equivafent tree il'!ght.

In Figs. 2, 3, and 4, the influlnce
of velocity oi tooing on Lihe dnmping and
tnequencies ot osciLlations arc presented
for three positions of L,he grider r.La-
tive to the to\rinq DLane:

Ittn '

nornar frrr. .,

uppar [ttn. o'

Increrrent of the verocit_! d:creases
Lihe divergence of the coupL:d oscillarion5
oi the s,,'sten :- . (Fi,r-s. 2 and 3) and in-
stabili.l of tn3''' pnugoic osci.lfali.on:i
::. ^ Ior the LrDper pos:ition (Fiq. l).

Sritt to hds a riJlof ettect orr thc
p g ' t'
( ,;r ) ." o. .

ayt,i..ll. tor ih! qliC-.r in free 1.li.lLt
(!rq. 5 ),

For the lrrol1] range of vatocities,
,ihc b.st resulLis ala on-aincC for the
lolt.r positioi of the llldcr r.tarivc to'th. p..ane. I. thc urper posit:.on, th.
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