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INTRCDUCTION

A study has been made of the effect of using visco-elastic
danping materials on the cholce ¢of the rotor blade lag frequency for
rotors with lag frequeneies below rotor rotational frequency. Two
apparently conflicting requirements determine the choice of lag
frequency. One requirement, that of gtability in the ground and
alr resonance modeg, shows that the higher the non~dimenslonal lag
frequency, the lower the damping required to gtabvilise ground
resonance. The second confliciing requirement is that of in-flight
lag plane loading acting on the hub and blades which demands a non-
dimensional lag frequency which is as low as poasible in order to
minimise the amplificatlon of lag loading due to resonance with the

once per revolution rotor foreing frequency.

A detailed study of the first requirement has shown that i+ 1as
only the non-dimensional damping parameter which reduces with
increasing lag frequency, but that the actual damping required and
particularly the volume of the viscomelastic damping materisl required
to stabllise ground rescnance may have a minimum in the range of lag
frequencies under investigation or may indeed be decreasing with
increasing lag freguency. The reason for this apparent contradiction
is partly due to the increasing absolute frequency with increasing
non-dimensional frequency, but is more significantly due to the
dependence of the damper design on the ln-flight lag amplitudes of
the blade.
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It has been shown that the shape of the non-dimensional damping
versus frequency curve is well defined since both simplified Coleman
theory and also & more exact model including blade flapping freedons
lead to similarly shaped curves, The shape of the curve also depends
on the assumption that a frequency colncidence between fixed
co=ordinate lag frequency'and body frequency will occur for some
permissible combination of helicopter all-upeweight, external stores
configuration, rotor thrust and undercarriasge state. This assumption
may seem to be at variance with normal design process whereby fuselage
and undercarriage configurations are consitrained by ground resonance
considerations, and where future developments of some designs may be
limited by ground resomance limitations. In the opinion of the author,
the advantages conveyed by providing sufficlent damping to meet all
eventualities far outwelgh the modest penalties in rofor design.

Having determined the optimum cholce of lag frequéncy, the study
wag continued in order to investigate the practicality of achieving
the optimum solution. This part of the study gave valuable insight
into the use of low damping - high fatigue strength materials which
in general give very much smaller dampers but are scmetimes difficult
to apply becaugse of their high stiffness to damping ratio.

Tre paper concludes with a set of design rules enabling the
optimum damper design to be achieved. These rules define the dynamic
characteristics of the rotor in the absence of damping so that the
addition of a glven damper at a given polnt achieves the required lag

frequency.
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DAMPER DESIGN STUDY

Damping Requirements

FIG, 1 shows the trend of decreasing non=dimensionsl lag damping
required to stabllise ground and air resonance on Iynx. The dashed
line shows the damping required for neutral stability and indicates
clearly that for non-dimensional frequencies below 0.78£) the ground
resonance instability dominates the damplng requirement, The full
lines indicate damping requirements for a one per cent nmargin in
stability and again for lag frequencies below 88V ground resonance
dominates the regqulrement. The curves are bazged on Lynx calculaticns
using a four degree of freedom fuselage model and including blade
flapping freedoms, The ground resonance curves are based on the
aggumption that the fuselage frequency coincides with the fixed
co=ordinate blade lag frequency at normal operating roctor speed.

A margin of one per cent critical has been used in the following
analysis in order to ensure firstly that stability is still achieved
if the frequency intersection occcurs at maximum overspeed, and
secondly to ensure that at nermal rotor speed any oscillations
inditiated on the ground are damped cut without undue anncyance to

the pilot. It has also been assumed that the structwral damping
inherent in the blade will provide an added ma: gin, Measurements
indicate values in the range 0.5 - 1.0 per cent., Thus a total margin
of approximately 1.5 per cent is assured. This represents a decay
rate of 7 cycles to half amplitude, which by experience 1s acceptable.

It is worth noting that the need for a posgitive damping margin
iz a consequence of the linear nature of the damping. For the more
conventional form of hydraulic damper with load limiting devices,
the damping decreases with increasing amplitude and frequency.

With this form of damping, adequate decay rates are achleved by
virtue of the smallness of the normal disturbance and it is only
for the very large initial disturbance that near zerc lecay rates

are encountered.
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2.2

FIG, 2 shows the damping versus lag frequency curve derived using

a simple "Coleman" model. Agsuming coincident body frequencies which
are also coincident with fixed co=-ordinate blade freguency, the
damping required for neutral stability is given by:=

g . ,i.(5£L - iii/_ihiikhgli. (1)

Ly 4\ Wy Me Ty
effective mass of fuselage
= 1st moment of blade about lag hinge
= 2nd moment of inertia blade asbout lag dnge
= nmumber of blades
rotor speed

where M
e

= real part of root

lag frequency

£ aqbPHF

Investigation showed that for a wide range of helicopter zizes
and aessuming a mindmum ratio of effective to actusl fuselage mass,

then equation (1) reduced to:
3/s

L. = 077 £ | (2)

Wy Wy
A comparison of equation (2) with the danmping required for 1% margin
is presented in FIG. 2. It is considered reasonable to compare the
neutral stability boundary of the Coleman calculation with the 1%
boundary of the mors exact model in vliew of the pessimism of assuming
colnecident body frequencies with minimum effective mass in the

Coleman calculation,

Danper Design Criteris

The two major criteria for damper design are firstly that the
damper shall provide a specified minimum damping, and secondly that
it shall have an adequate fatigue Jife. The firgt criterlon has been
covered in section 2.1 above. The second criterion can only be
considered if the operating environment of the damper and the strength
of the damping material is known.

It is assumed that for a given helicopter application, the in-
flight amplitude of damper motion is govermed by the fundamental lag
frequency of the rotor. It is further assumed that the influence is



the same for all canditions throughout the flight envelope, thus
enabling the same factor to be applied to the equivalent blade lag
angle derdived by using & sultable S~-N curve and Miners' Rule of
Cumulative Damage. Consider an elastomeric damper which is attached
to the tlade in guch a way that:

damper displacement/unit tip deflection
= equivalent blade tip deflection for glven 1ife

§

= required lag damping

fla vy o

m

. = allowable strain in damper for required life

t = thickness of damper

A = Area of damper

@ = Shear modulus of rubber

7 = Loss factor (Q =‘:{")

K = Real part of complex damper stiffness

X' = TImaglnary part of complex damper stiffness
m

= eoffective mass of blade lag mode referred to unit tip
deflection

ws = Blade lag frequency
11 1

X K GA
Iinear damping rate = e = L7 - A {3)
Wy o W blog
But required damping = 2g .Me. &5 on
eq amp 3, = )
Therefore 2o e . GAa combining 3 and 4 (5)
ar twsg
But t = % from allowable strain (6)
Cand A = 2‘7'(“"&{: from (5) (1)
Gdig .
Therefore, Volume of damper = At = 2 g::ktws S
Q&
However, the lag deflecticon S is dependent on lag frequency
} N
such that 2 - = %o (8)
5 1 =-%*

where ¥ = wﬁ and subseript o refers to some arbitrary datum
fies ¥o, Ts.  constant,
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Combining (8) and (9) glves:
: 2 1 S
Volume = 2 me () (f—?{o) Se X (_2‘3 (9)
G (-yH)* Ny

Tt can now be seen that the material properties affecting the
volume of the required damper are Loss factor, Shear modulus and
allowable strain., The factor 1 is very sensitive to allowabdle

)

gtrain, and it is for this reason that fatigue strength of the rubber
plays a more important role than loss factor in determining the
volume of damping material required.

FIG, 3 shows the effect of combining the volume of the damper
defined by equation (9) as a function of lag damping and frequency
with the lag damping required in FIG. 1. Also shown on FIG. 3 is
the volume versus frequency curve based on the damping required
from the simplified Coleman model,

The first conclusion to be reached from the examination of FIG. 3
is that whatever the assumption made about required damping, there is
no advantage in damper design in increasing the lag frequency beyond.
0.75{Li . Furthermore, for the practical Lynx case with 1% margin,
an optimum frequency range exists, i.e. 0.50.0% =~ 0,650 . In the
case of damping derived from the Coleman model, the volume of the
damper increases with increasing lag frequency throughout the
frequency range of interest, The overall conclusion must therefore
be that, both from consideration of overall lag plane loading and
also from consideration of damper design, the lag frequency of the
rotor should be less than 0.65.[L .



ROTOR DESIGN STUDY

In order to investigate the practicality of achieving tue optimuﬁ
golution indicated in the first part of the study, the simple blade
model shown in FIG, L was used. This model is the simplest model
which 1s capable of representing the range of blade lag plane
characteristics from fully articuwlated through restrained articulated
to semi-rigid.

The blade lag frequency (s is given by:-

2 2 -l
%,mal:.ﬂ.-i-ﬁ( where ﬁ(_.,_l('\+{_!“_+__l_,E
Xz K K
z 2 A L. where w= @ and A = m\“L 10
3 - Cn Y= Go)
tet o= [¥] 2 % (Y e
32O
o = A, + % /TS S ()
and ¥i= A s/ TH (12)
The non=dimensional blade damping is given by~
g - ks . (13)
W wy (2T wy)
where ID = blade inertia referrgd to damper displacement
1 1
Therefore a I - (1L)
g “5@9 t)

Combining (13), (1L) and (10)

e -A.+[K,‘+(,-g-t+g;)"]_{<za = +‘_<1:)25‘55:

which reduces by suitable substitution to the form

o . (3t ¥ X ye - 3Y) | (15)
Qe Zg? CEES)
In addition it can be shown that
Ky = T (4o -6 (¥ -5 (16)
(gs -5
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It has been found convenient Lo plot curves of damping achieved in

the form of E%D versus frequency y . At the same time the
L

damping reguired may be presented in the same form for various

values of iossg factor Q_ .

FIG. S shows this comparison for a typileal articulated rotor
configuration where Xo = 0.25. Two values of loss factor are

presented for the damping required curves. Solutions using the lower
leoss factor are preferred due to the higher fatigue strength of this
material. As indicated in the previous section, damper volume is
inversely proportional to loss factor and allowable strain squared,
This effect gives rise to a reduction in damper volume by a factor

of approximately four for current materials. The penalty of achleving
the minimum volume solution is, as can be seen from FIG., 5, an
increase in the resultant lag frequency of the blade., In fact for
some values of Xo and Weo NO solutions exist uging high fatigue

strength rubber,

The curves on FIG. 5 give emphasis to what is perhaps
intuitively obvious, that is,thet to achieve an optimum overall
solution, a low value of y¥o combined with & high value of xo
is required. FIG. 3 indlcates that from a damper design point of
view, a lag frequency below 0.65.L is required. FIG. 5 shows that
for Yo = 0.25, a value of Y¥e > 0.75 is required to achieve a
solution using high fatigue strength rubber.

The significance of Xa s the nonwdimensional lag frequency with
the damper disconmected, is shown in FIG., 6 where a range of values
of X i3 plotted for a value of go = 0.65, For this value of Ko
which is typlcal of a seml~rigid or hingeless rotor, clearly no
solution exists which gives a resulting lag frequency less than

0.65 LU .

FIG, 6 shows that the minimum resultant frequeney that can be
achieved is approximately 0.704L , and this only with low fatigue
strength rubber combined with a X«,of 0.9. Using the same value of
5oo but combined with high fatigue strength rubber, a resultant lag



frequency of 0.7h Q. 1s required, with consequent effects on blade
and hub lag plane loading. Since the value of s is primarily
determined by blade chordwlse stiffness, the effect of using viscom
elastic damping for semi-rigid or hingelesa roters 1z to put more
stringent requirements on the design of the blade. FIG. 7 shows
more clearly the effect of varying G while keeping&m congtant,
For instance, should a final frequency of 0.65{)L be required,
together with yuw = 0.9, then the required value for ¥, is 0.59

for high lcss factor material and 0.53 for low damping rubber,

FIG. 8 presents the intersections of required and available
damping from FIGS. 6 and 7 in the form of carpet plots of % versus
go and X . Two values of loss factor are shown together with the
1limit line beyond which no solutions exist. By cross-pletting
pairs of values of 6" R 6/"“ which give constant values of X the
relationship between X.and X» for any value of b/ can be svaluated.
An example of this is given in FIG. 9 where a value for ¥ of 0.65
has been chosen. It 1ls interesting to note that the curves terminate
at the lower values of Y. where the damping requirement curve is
tangential to the damping available curve.

FIG, 9 clearly shows the penalties of using low loss factor
material since for typically achlevable values of ' say 0.8 - 0.9,
the required values of ¥, are 0.5 =~ 0.52 for a loss factor of 0.25,
while for a loss factor of 0.4, a value of Ko of 0.58 would be
acceptable., This difference i1g clearly critical for a semi-rdigid
or hingeless design of rotor.



CONCIUSION

The first conclusion to be drawn from the damper design study is
that from purely damper design considerations, and given the assumption
of a frequency coincidence within the rotor operating speed range,
the rotor lag frequency should be less than 0.65 Ll . Since from a
rotor design point of view the lower the lag frequency the lower the
overall blade and hub lag loading, the overall conclusion must be
that the optimum lag frequency lies below the value of 0.65 (), .

The second conclusion, drawn from section 3 above, is that in
order to utilise the full potential of visco-elastic damping
materials, the rotor design must teke into account at the outset
that such materials will be used. In other words, the applicatiocn
of elastomeric dampers to an existing design will certainly not be
an optimum solution and may indeed be impossible; for instance,
hingeless rotors with relatively low inplane blade stiffness,

FIGS, 5-9 should enable the rotor designer to select the
optimum type of rotor, which largely determines the value of 5}
and also to select the optimum position of the damper and its
attachments which together with the blade lag plane stiffness

determine the walue of Boer
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