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SUMMARY.

Flutter calewlations made on a rudder with trailing-cdge spoilers
are described. The results obtained agree with the flight experience
whi ch has been acquired so far (except for the frequency of the flutter)
inspite of the simplicaty of the aerodynam ¢ assunptions. It has been
found that, as with tab flutter, a form of flutter involving the main

surface (fin) occurs wWith an overmassbalanced spoiler
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1 [ ntroduction

Flight tests have been carried out recently on a Meteor aipgrafi to
canpare the effectiveness of a trailing-edge spoiler wath that of the
standard rudder tab., The calculations described bel ow vwerc made to
investigate the flutter stabilaty of the spoilers.

Two spoilers have been fitted to the rudder at different tines.
One rcplaced the tab and used the tab's control circuit, whilst the other
was separate fran the tab and enabl ed a dircet canparison of the effectives=
nesses of the spoaler and tab to be made.  Fag.1 1s a sketch or the arrange-
ment| of the fyirst of these spoilers, referred to in tnc present paper as
spoi ler A

Flutter calculations were mde on each system Those on the first
system took account of only two degrees of freedam, rudder rotatzon and
spoirler rotation, and showed that the spoiler should flutter at a speed
proporticnal t 0 the spoil er frequency; the flutter could be eizmnated by
spoiler magsbalance, The aircraft flew with an wmassbalanced spoiler
without enperiencing any vibration.  VWhen the second spoiler Was fitted
a high~frequency vibration camenced at a | ow avrspeed, Aternary flutter

calculation involving rudder rotation, rudder torsion and stpoi | er rotatron
was mde, and 1t was again shown that masshal ance wag an effective neans

of eliminating the flutter. A guaternary calculation, 1n which a fin
flexural modc Was added to the above ternary, was made to check whether an
over - massbal anced spoiler would give rise to flutter samilar to the "ternary
branch' typc of tab flutter. Such a branch has been found.

An account of the calculations zs given in section 2. Tho results
are conpared wath the flight cxperience 1n section 3, the agreament being
found to be reasonably good.

2 Details of Calculetions

The earcraft to which the spoilers were fitted was a Meteor 7 with a
Meteor 6 type rudder. The first sporler, spoiler A which replaces the
tab, 1s connected to the tab circwat sothatit 13 used for trimmng,
providing aerodynam ¢ bal ance through a gearing, and i s al so connected. to
an R A E Type F autostabiliser. The second spoiler, spoiler B, which i8S
on the top part of the rudder, zs on a circuit of 1ts ovmandis not usecd
exther for trimming or for balancang. In the flutter calculations both
spoilers arc considered to be darectly attached to the rudder by springs

afnd qulh- pots and no account is taken of the ftrumming and balancing dutircs
of spoiler A

The rudderis elso fitted with trailing-edge strip, whose contri-
bution to the aerodynam ¢ hange moment i S not known accurately. In the
bi nary and ternary calculations thi s contribution is varied, whalat i n
the quaternary the value that results in the lowest flutter gpeeds for
the binary and tornary 1s used. Factors to represent the change in the
direct rudder demping coefficient due to the traaling-edge Strip are
obt ai ned from ReP.|.

No aerodynamic flutter derivatives are available for spoilers, and
the only steady-motion derivatives available arc those for the rate of change
of 11t wath spoil er deflection and the rate of change of confrol-surface
hinge nonment with spoiler deflection. The other spoileor deravatives are
taken to be negligible. This is so for the spoiler hinge~mement stiffw
ness derivatives if they arc of the same orderas the spoiler static



derivatives. Al the derivataves arc evaluated accordang to the
recanmendations Of Miphainmck for surfaces of low aspect=ratio?, Vi z: -

(1) estimat ed steady-motion val ues are assumed for the stiffness
derivatives,

(2)  the danping derivatives arc assumcd to bhe the same as the
corresponding stiffness derivatives vhere possible (e. Q.
¢ % assumed to be Lfa ),

(3) the remaining damping deravatives are obtai ned fram a
conparison of the three-dimensional steady-notion derivatives
and t he turmng-point val ues of the two~dimensional damping
and stiffness derivatives.

Al the derivatives are assunmed to be independent of frequency
par anet er. The steady-notion derivatives used arc | ow speed estinates.

2.1 Bainary Fluiter Cal cul ations

~I'f we consider banary flutter involving rotations of the rudder and
spoi | er we arrave at the eritical determinantal equati on

2 .
= 3-11 Y + b11 i + 011 t 04'1 y' - 8-12 U2 + 012

=0 (D
= 2y v2 ~ appvl ty

(agq = ay)

where the synbols have thear usual meaning and the first generalisecd
coordinate 1s rudder rotation and the second is spoilcr rotation.
Structural danping has for the moment been negl ect ed. It wall be noted
that all aerodynamic coefficients for the spoiler are zero except the
cross stiffness cyp, rudder hinge monent duc to spealer rotation.

The condztions for stability? are then: -

a0 ¥+ agy (e + ey y) = agp 0> 0 (2)

a122 Y= a0 m22 ¢ 50 (3)

Both these condations are fulfilled at all specds if a5 and cyp

have epposite signs, that 1sif the spoiler 1s dynamically overmassbalanced.
The nore critical of the conditions is (3) since {ram it, whena;p 18 zero
1.8, When the spoiler s dynamically massbal anced, an oscillation of the
sporler willbe maintained due to the elimination of the coupling fram

rudder to spoiler. The critical specd, a4p # 0, 18 grven by
242 ¥ = 82 Cq2 ()
I . e. a8 E
2oL M2 @2 (1)
822 ©12  p sc
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The flutter speed of the spoiler dccreases, therefore, as the mass=
bal ance 1g increased until the spoiler is dynam cal ly overbal anced, in
which condition it 1s stable at all speeds. The flutter soced al so
depends darectly on the frequency of the spoiler,  The flutter freguency
1s given by the imaginary part of equatzon (1)

which as 2,5, ve = y (5a)

i e. 0 = up (5b)

At a critacel flutter condition there i S no rudder rotation in the
flutter mods, and the gpoiler oscillates at its own natural frequency.
The effect of a typical massbalancing arranganent on the fluttcr speed of
gpoiler Ais shown in Fig. 2.

When the natural frequency of the spoiler was neasurcdit was found
that the spoiler was quite highly damped and the effect of structural ‘
dempang on ats flutter speed has been cal cul ated. The marked effect of
a small amount of structural danping on the ghape of the fluftor speed
versus massbalance curve 1s shown in Tig.2.  Fig.3 shows how the flutter
speed of an uymassbalanced spoiler varies with the amount of damping 1n
t he spoiler carewat. It will be seen that over the normal part of the
damping range the flutter speed varies little with the rudder |unge nmonent
due to trading-edge strip. |f the spoiler's natural frequency 15 also
that of the rudder ghe flutter speed for low valucs of the damping IS
about half that wath the rudder free. The flutter frequency decreases
at first with increasing damping When the rudder is free, thc decrements
beang greatest for the rudder wath | east aerodynam c bal ance. Rhcn tho
flutter speed becomes higher, however, the frequency starts to Increase,
presumably due to the incrcased aerodynamic stiffness of the rudder
Vth staffness i n the rudder circuit, the frequency Increases very slightly
with Increase of damping, The critical frequency paramcter for the
undamped spoi l er, based on the fin mean chord, is 2,9,

2.2 Quaternary and Ternary Flutter Cal cul ations

The quaternary flultercaleulaticn was made on spoil er B. The
degrees of freecdam added to those of the binary caleulation are fin linear
bending and rudder torsion. Rudder torsion 1e included as the natural
frequency of sporler B is higher than that of spoaler A and near to the
natural frequency of the rudder tcrsion mode in which the top and bottom
parts of the rudder move against each other as rigid bodies, all the tunst
berng un their interconnection. The fin flexure node is included to
check whether flutter similar to the 'ternary! {tutter of tabs zs possible
in the carcumstances the shape of the mode was not thought to be important
and a linear mede was assumed for simplicivy.

The curves of fluttcr speod versus spoiler massbal ance for a wde
ran&e of fin frequencies are shown in Fag.4., The fluiter equations wore
solved on the RAE flutter samulator and 1 per cent of critical struc-
tural dampaing was included in all the nodes. The rudder-spoiler teor
curves are generally similar to the rudder~spoiler banary curve of Flg.2
with sporler damping included, in marked contrast to the binary curves
(of Fig.2) without spoiler damping. The curves of Fig.4 for zero fin
st1ffness are based on axtrapolated results, and whalst the flutter speeds
are probably fairly accurate, since thcy are cxtrapolatcd from Snmooth
curves, there may be large crrors an the flutter frequencies. The
quat er nary flutter curve fol | ows t he ternary-rudder rotation, rudder torsion,
spoi l er rotation~flutter curve closely when the spoiler massbal ance is |ess
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than static for all fin frequencies except the frequency pertinent to
Fig.4d, when the quaternary curve is modafred by a near coincidence of the
fin and spoiler frequencies producing a low binary fin-spoiler flutter
speed. Fram a ternary-fin bending, rudder rotation, spoiler rotation-
flutter caleulation which has been nade and gives a higher flutterspeed
than the quaternary, it woul d seem that of the rudder frecdam the torsion
is the more inportant in this quaternary flutter.

For the low fin frequencies the quaternary flutter speed rema:ns
practically coincident nmth the ternary-rudder rotation, rudder torsion
spoiler rotation-speed until at 185%static spoiler massbal ance, where
the ternary flutter has al most disappeared, a second branch of the
quaternary flutter appears. (The spoiler =1s dynamically massbal anced
for rudder rotation at twce the value for static balance). In this
second branch the critical speed decreases ag the masshalance is Increased,
and the inportant rudder motion is rotation. asthe fin frequency is
increased the transition to the second branch pirst occurs wath | €SS mass=
bal ance and then the overbal ance branch éisappears completely, the
addation of the fin bending node leadang only to minor nodifications of
the ternary rudder-spoiler curve

3 Camparison of Results of Calculations and Flaght Experience

No evi dence of vabration was obtained in flight when the aircraft
flewwth the umasshalanced spoiler A Tho effectiveness tests were
made at speeds up to 250 knots and the axreraft Was fitted wath vibration
measuring equipment .

The frequency of the spoiler was neasured on the ground and was
found to be 25 ¢,p.s. when the spoiler was oscillating wath small ampli-
tude, The osciIFations were observed to be quite heavily damped, the
dampang being estinmated to be at |east 10% of critical. Referring to
Fig.2, it is seenthat, forthis value of dampang, the cal culated binary
flutter speed when the undanped frequency of the spoiler is 25¢c.p,s, and
the rudder is free is at |east 325knots. Tms theoretical speed is
consi stent wath there being no evidence of vibratien in flight.

When spoiler B was fitted and flovm without masshal ance a persistent
hi gh-frequency vibration started at low airspeeds. The vibratzon Was not
severe but incrcased in severity on onc occasion vhen the spoiler opera=
ting rod broke due to fatigue. The frequency of the vibration vas
measured as 52 c,p.s.50%Stati C massbalance made liftlc duffercnceto
the vibration but when the massbal ance sas increased to 400% the vibration
disappeared and has not occurred since,

Thi s behavaour 18 expleaned to sonme extent by the left<hand branches
of the quaternary flutter curves. The thcorctical flutter speed? agree
reasonably well Wth flight evadence but the theoretical flutter frequency
does not. The theoretical flutter frequency of the wmasshalanced Spoiler
i 'S 41.7¢spes., Which is the natural frequency of the spoiler, while the
frequency neasured in flight is 52¢,p.s. Arbitrary changes in the direct
spoi | er structural danping and aerodynamuc stiffness that have been
investigated in an attempt t0 improve the agreement between the theoretica
and practical frequencies give-no better results.  The spoiler seemed to
have little damping when i{S frequency vmas mcasured, and reasonabl e amounts

of structural damping were included when the flutter equations wore sol ved
on the R.A.L, flutter sinulator.



L Concl usi ons

Calculations have giyen reasonable explanations of the flutter
bhehaviour of two spoilers put have not accuratecly preduicted the flutier
frequency in the case where flutter was experienced in flight.

Flutter in which both the main surface and maan control-surface play
necessary parts is possible when the spoilur 1s overmasshalanced.
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rospectively t henon~damensional total inertia, acrodynamzc

FeT wsr s dampang and stiffness coefficicnts in tho fluttcr cequations
b2 the rate of change of the static rudder hange nmoment vath
rudder angle
c fin reference chord
ey rat1o Of stiffness an rudder rotation mode to that in
spoiler rotation mode (%44/Bs5)
S fin reference length
y ToofP scév2
Epp direct structural stiffness za r®9 mode
Vv cratrcal flutter speed
g negative by due to rudder trailing-cdge stmp
v critical frequency paraneter
W cratical flutter frequency
wy unooupled still=arr frequency of fan
Wy vncoupled still=air frequency Of spoiler
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