
TECIINICA]- SOARING, VOL. II, NO. 4

ABSlRACT

The nagnitude oi the Syroscopic
lof-Ling noflen ccL:n6 on a gllde. :1
a ti6ht turn is estimated and compared
with the aerodynanic rolling noneni:
due to tawing velocity.
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SUMIIARY

The nagnitude of the gyroscopic
rolfine roment actin6 on a 6lidFr:'r
a tight turn i6 estinated and conpared
ri/ith the aerodynamic rolfing noment
due to yawing velocity. The value of
the gyroscopic nonent for the case
stu.iied, which iE typical of a high-
performance soaring elider, is fJ,5
percent ol the aerodynanic monent in
a .l/-de6ree bank. -ne glroscopic
llollent is in a direction to oppo6e the
aerodynamic noirent. Some connents are
given on the effectE of other sources
of rolfing nonent in turns.

In order to estimate the gyro--
scopic monent, the vafue of the
radius of gyralion in rofl is xe-
quired. An approxinate al1aLys16 for
eslimating this quantity is incfuded,

CYROSCOPTC MOMENTS ON A CLIDER
IN TI]RNING FLICFIT

II. PHILLIPS
RESEARCH CENTER
VIRCINIA 23365

b

ct

TNTSODUCTION

Gyro€copic monentE resultin8 fron
1n-rLia forcFs or . ne parrs oI an ai--
!1ane are inportant in deterr0ining the
spiru1lng characterj-6tics, but are
usualfy conGidered negligibfe in or-
dinary turning maneuvers. Because of
'le large wi'1g sfan and niql r rrnj.16
rate of a glider in tight turns, how-
ever, the inertiaf roUing nonxent ma-v
nore important on gliders than on
other types of airplanes. In thi6
note the rnagn,ituJe of Lnis gJ106cop:c
mordent is estinated and conopared with
the aerodynaiic roUing nonent.
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body axes
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29



TECHNICAI
KX

SOARING, VO],. I1, NO.
radius of gyration
x axis

ratio of radius of
tion to winq span,

rol ling nonent

nass of glidex

nass of lrinss of glider

dynamic press ure, I v-

yawing velocity about z

area of structura L materi-
al in chordlrise section of
inq

value of Sa at wing root

spanwise coordinate

extended senispan, mea-
sured to lthere leading and
trailing edqes, when ex-
tended, neet at a point

taper ratio, tin chotd,/
root chord, I-K

relative density factor,
n/psb

density of structural ma-
terial in wing

ang.Le of bank

angular velocity about
vertical axis

tating bodles to aline thenselves as
closely as possibfe with the plane of
rotation. In figure 1, the rofling
monent acting on the wings of a Ali-
der tending to reduce the angle of
bank is ilfustrated.

The gyroscopic rolling momenl
acting on a glidex in a turn at ap-
])roximately conEtant altitude ls
given by the fornula (see reference
1).

2( -LJ ,. (1,a- - .7- trz- rYJ srn z0

If 'he weigl o-l Lhe glider is
distributed primarily in the pfane of
the vrings, as is usualfy the case'
I"-t., . Iv. 'lhe rolling flomenl is

IX sin 20

,b cL .in zo - 
cL ,in o

ZV - 6t coit - lrr

2
sinz 6

where - i6 the angular velocity about
a vertical axis cauEed by turning of
the glider.

A fornula given in reference 2
for the nondirnensional yawing velocity
about the Z body axis is

Because thi6 yawing velocity is a
coniponent of the total angular ve-
locity about the vertical axis' the
nondimen6ional angular .'Ielocity about
the vertlcal axis ls

svra
\/b

v

2
-T

.c.
lfi = 6i sin zq

CA],CU],ATION Of G\ROSCOPIC
RO]-I,]NG MOMENT

Ine gJros.oPic rolling monen'
aclina on a alidFr in a L:ght Lurn
resu-fs .from tle lendencJ of aLl ro-

4\:b'4u'
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Substltuting this value in iornula
(l) and pfacing the result ln coeffl-
cient form Eives for the rofling-
14or0ent coalficie.t:

^2
cn=1f, ft*rsi n2 o.in 20 (2)

In order to use lhi6 formu-la, the
valuc or n . Lne ra o oI radlus o.f

-yca ron 1n _or r lo r - ianf spa'1,
must be ]rnoj/n. Inasmuch as rneaslrred
values of this qllantitY are not
reaoLL/ availab-e' ar '6tiraL' js
made ba6ed on the noment of inertia
o" a simple 6 ooe.ac bodJ. The win
of lhe 61ider, $hich contributes a}-
mosl alf of thc inertia in rofl' nay
be approninated as an elongated trun-
cated lyrandd. Ca-Lculatlons of lhe
/ilue ol L, ar. AiFn an -\e aPP'roix
for t,vo caAcs, one in uJhich the
,xeight of a chordwise elenent of the
ving 16 proportionaf to the chord
(corresponding to a constant lhick-
ness of skin and structuraL menxbers)
and onc in lvhich the wei8ht of a
chordwise efemenl is proporlionaf to
Tne cros--. occiona I area ol i1' a-ir-
ioil (corresponding lo a thickness
ol skin and structural menbers pro-
porLior 1I Lo t1L c\o_i). the w:r b
of an actuaf afider is expected to
fall between the€c conditions.

Vafues of the ratlo of radiuE of
'yI. :or lo ,['r. soar, ky, and o'
:.' , r-e pror Led a^ a -tu5cL on of
.go-r rafio i' l-Pure ? elo r. ior
a iypicaf case for taper ratio,
L ol 0.5, lhe vaLues of kx for the
two cases are

k. = .263 (consLant skin Lhicr ness)

k" = .239 iskin thicrness !crord)

NUM!]R]CAL NXAMPLI

Vafues of the cyroscopic ro11-
lngiroment coefficient have been cal-
.culated for the gllder used as an
dxanpfe in relerence 2. The charac-
teristj.cs of this gfider are l.isted
in table I. Additionaf values as-
-:u,'neo ir lh( caf.ulai-ions are a vJ:rA
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,{eight of 2225 N (5OO lb) and a vafue
o-t iL, o-t o.2,1. II hcse \ u. are
.uoetitut"d in fornula (2), thc
val-eb ai ro. r ;16-'ro1en( co^lf 'c-'nii
in a 4'ubank are found to be as
follorvs:

CL

ct(gy"or.opi.)

c"
'(aerodynimi c )

0.95 1.6

-.0a252 -.00719

.0188 .0533

DlSCUSSION

The vafue of the SYroEcoPic
rollinA roonent in this case is onfy
E.5 percent of the aerodynamic
rolling nonent due to YawinS. The
sign of the noment i6 oppo6ite from
that ol the aerodyna.nic nonent and
{oufd, therelore, reEuft in a snall
reduction in the aiferon dellection
required for tr1n.

lrasmuch as oot\ soul"cqs ol-'1o-
.oen. ,ary w'L ' rne la ror .1/r, ll-e
rrt:o ol g/roscop:c rometl Lo aero-
dynalnic monent for a Siven gLlder and
bank angfe renains the sarte at afl
values of fift coefficient or relative
density tactor.

The variationc of ihe two tYlea
of nonent with bank an8fe are shovrn
in figure 4. These vafu,36 are sho$n
at a fift coeff:iclent ol f.6. The
aerodynamic rolling moment coefficient
reacnes a @axiau,'n ar tr ancle oI bar k
o' l.ro, wnereas 'he E-lroscopic ro.--
irfl flomen _eacnRs a maxiolD,n at a
bank ansle of 60".

The inertial rollind moment
night be considered as a Possibfe
source of ro1-n! Io reor"e tne ai-
feron deflection required in turns.
This method does noi appear very use-
fu1, however, because it is refative-
.lJ ir -llecciv- lor oank a1--"s les6
. nan .o" ano increaseo
inertia in ro11 required would be et-
cessive. Ior exanple, the addition
of weights of 289 N (65 pounds) to
each tip of the glider used as an
exanple woufd approxinately double
the nonent of inertia in roff. This
addition {ou1d increase the Syro6co-
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pic noment lron 15 Percent to ,O !er-
cenl of the aerodynanic ,noment al a
bank anAln of /,tu. l'-e doubLeo no-
nenls oi Lnertia in Ye,t ano roLl
$rould be expected to nake the gllder
undeel"rabfy sLu8gish in respon6e to
controL6.

CONCT-UDTNO REMARKS

The for.e8oin8 analysis provides
an estinate of the Eyroscopic rolf-
ing mon]enr acc:n6 on a gljder in a
Bteady turn. Previous analy6e6 and
flifht 6tudie6 nave givcn some jn-
6ighl lnto the various sourcea of
rolling nonent {h1ch nay act on a
61idei in th16 naneuver. A brlef
sunmary of these effects nay there-
fore be of interest.

The primary source of roll-ing
nonent acting on a Sfider in a turn
is the aerodynardic rolling no&ent due
to ya{lng Yelocity. For the 8lider
ueed as An exa,nple ir Lhis rcporl,
aboLL 12" aeflectlor of ea n ai.eron
i6 required to trin out thi6 rolling
monent neal the naxi,x0un-Iift coeffi-
cient. This deflection &ight be
changed, nowever, by Ihe followinS
source6 of rolLing nonrent acting on
the gLider:

lactors tendina to increase a-iferon
delfection:

flow separation on dovnvard-de-
flec ted aileron

wing twist

Fact016 tendini Lo decrease aileronffi
lnward sldeslip, cobbined rith

dihedral effect
velocity Bradielt across spa]l

due to circling Ln therxdaf

velocity gradient causeat by in-
fluence of trailinA vortices
fron previous turn

gYroscopic rolling noment

aeyrnnetric .loading of outboard
vang

Of these factors, the effect of side-
slip dependG on pilotin8 technique.
The velociNJ gradient across the span
caused by cilcfing in a lhefidaf naY
have a targe effect in a sha1l dia-
meter theraaf, but would obviously be
abseni, in a large thermaf oi in still
air. The effect of trailing vortices
has been shown to be small Provided
the glider is descending with resPecl
to tho surrounding air at the rate
correspondinS to a steady turn.
.L inclly, Ehe 6y.I-oscopj c rol ling no-
menl: has been shovrn in the present
report to be relaliveLy 6nal1.

In ! icvJ o rhe nunber of vari-
able€ contributing to the aileron de-
flection required in turns, any at-
tenpts to compare measured and pre-
dicted control deffectlons should be
performed with adequate instrunenta-
lion to detornine the effects of
the6e variables.

APPDND]X

Calculation of radius of gyration
of a Nling ln ro11

Case 1- weight of each chordwise e1e-
nent proportioral to chord
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4K. le

r(3 r4r r K.2 r lT - 4 = ?-Td'-= l;--7I i--- 2'

Note that as the value of K varie€
fron O Lo l, the !vjne'planlo-e varj-s
froin rectangular to triangufar. The
taper ratio, I , equals 1-K. In terBs
of l , the fornula becoroes

kx2 = z4Tih)

Case 2 - Vleight ol each chordrrise e1e-
nent proporti-ona1 to area of airfoif
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In telms of the taper ratio, L
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TABLE 1.

b
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CHARACTERISI'ICS USED IN

18.29 m

1.226 tq/n"

12 -99 n2

4057 N

25.8

413.7 kq

l.4t
2225 N

.241

CALCUI-ATIONS

(60 ft)
(,00238 s l ugs/ft3)

(t40 ft2)

(sr 2 rb)

(28.3 sr )

(500 1b)

I

s

I
Aspect Ratio

m

]]

Hino !,iei qh t
k

X

CentrrFu ga /
foyc e

Y-

EIg,,_]. TLLUSTR-ATION OF SOURCE OF
GYROSCOPTC ROLLINC MOMENT ACTING
ON A GLIDER IN A STEADY TTIRN
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