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SUMMARY

A method is presented which allows much of the tedious algebraic
manipulation required when formulating aercelastic equations of motion
to be effectively performed instead by the computer, The basic approach
is outlined, and some results for a simple rotor model are presented
which allow the numerical accuracy to be assessed.

1. TINTRODUCTION

In order to generate reasonably comprehensive aerocelastic equations
of motion for a helicopter rotor, several axes of reference are usually
required in the analysis. Thus, a material point on a rotor blade can
most conveniently have its position co-ordinates defined by means of
successive axis transformations. TFor example, transformations between
fixed and blade root rotating axes would be required, with further sets
of axes with reference to the blade root to help account for the effects
of twist and flapping and lagging bending flexibility along the blade.
None of the transformations that change the co-ordinates of a point from
one axis system to another may be particularly complicated, but when
equations of motion to study blade dynamics are derived through use of,
for example, Lagrange's equations the exercise can prove quite arduous
for the aercelastician.

It is common practice for the generalised co-ordinates in which
the equations are expressed to be associated with specially chosen
polynomial or other modes, or with previously calculated rotating or
non-rotating normal modes. The derivation of the equations in these
co-ordinates involves a certain amount of differentiation which when
combined with the successive transformations leads to an enormous amount
of work on paper for the analyst, if more than a few modes are involved.
Furthermore, the posgibility of an error creeping into the analysis is
increased considerably for a multi-mode problem.

The approach adopted in the present paper is to generate the
equations of motion automatically on the digital computer, ae far as is
possible. It relies on the fact that the above-mentioned series of
transformations may be expressed as:

R=A4Ar + B
where R is the position vector of a point on the blade in fixed
co-ordinates, r is the position vector of the point in blade co-ordinates
and A and B are matrices that are functions of the modal co-ordinates,
time and spanwise positionm. Thus, for a particular material point on
a rotating blade, the co=-ordinates relative to fixed axes can be computed
for any given configuration and instant. Each of the matrices in the
equations of motion has a contribution deriving from blade mass, and
it can be shown, via Lagrange, that an element in one of these matrix
contributions is the integral over the blade volume of a multiple
involving blade density and certain differentials of the matrices A and
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B. The differentials are with respect to 955 9 and/or t and the
particular omes involved depend on the equation loefficient matrix
being formed,

The above transformation may be used in order to generate air
speeds and incidence angles relative to a local blade section, and
through application of strip theory the aercodynamic generalised force
contribution to the matrices can similarly be expressed as the
integral over blade surface of multiples of certain differentials,

This knowledge permits the organisation of a systematic program
to compute the coefficient matrices of the equations of motion auto-
matically. The position vector transformatiom is programmed as a
function which generates one position vector from the other, and the
various differentiations of it are done numerically. The operations
necessary are repeated for a set of points on the blade and the results
integrated over all points concerned. The input data for mass and
aerodynamics are arranged such that a simple spanwise integration is
all that is needed. The contribution from blade stiffness is
relatively straightforward and is dealt with separately.

The set of linearised equations in the desired generalisged
co~ordinates are therefore obtained at a given instant of time, and
for the appropriate equilibrium values of the co-ordinates, The
latter are found by solving the corresponding non-linear equations
in which § and § are set to zero.

The method is in the early stages of development and parallels
that described by Lytwyn (1)}. In order to investigate the degree of
accuracy required in the numerical differentiations and integrations,
the approach has been tried out on a simple rotating rigid blade having
flap, lag and pitch freedoms. Translation of the blade rotation axis
is excluded in this model.

The paper outlines the basis of the method used and the invest-
igations carried out regarding numerical accuracy. One set of results
for the simple model is presented, and this includes and illustrates
the variation of stability boundaries with important blade dynamic
parameters. The results are seen to agree well with those obtained
by more conventional means. In the light of continuing progress of
the method, the future potential is outlined and discussed.

2, THE EQUATIONS OF MOTION IN DIFFERENTTIAL FORM

2.1, General expressions

The system under consideration is taken to be a mathematical
model of a rotor blade, complete rotor or the whole helicopter as
desired. It is allowed to have n degrees of freedom, each associated
with a generalised co-ordinate q. and a corresponding mode shape,

The mode shapes may be arbitrary, previocusly calculated or obtained
by experiment, but they must all be definable mathematically or
numerically. The equations of motion are obtained using Lagrange's
equations, but instead of evolving them by writing down the energy
expressions in full and carrying through the various differentiations
involved within the algebra, we first of all express the equations

in terms of the necessary differentiations. To do this, we must
note that a modal approach implies that modal displacements are
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necessarily associated with axes which are non-inertial. As in
the usual fully algebraic development, we need to express displace-
ments at some stage in the proceedingswith reference to inertial axes.

Thus, let the position vector R = R (z,q,t) express the
position of a point in the gystem with reference to fixed axes. The
position vector of the point with reference to axes suitable for
describing the arbitrary or other given modes is r, and the gemeralised
co~ordinates corresponding to the modes are denoted by the vector g.
Time is denoted by t. The external instantaneous force per unit area
(i.e. aerodynamic pressure in the present case) is given By F =
Plr,q,8,t) and is again with reference to fixed axes. Lagrange's
equations provide:

d_ BT 3T U _ .
T) B_CI_— a = Qi 1 1,2..1‘1 (2.1)
where
T = §/ R.Rdm (2.2)

ig the kinetic energy and the integral is over all elemental masses
dm comprising the system,

oR
QI.L = fE. E ds 1L = 1,2..'[1 (2.3)
is the aerodynamic generalised force and is given by the integral over
the surface 5 of the system, and U is the potential energy. Structural
damping is neglected. We are primarily interested in aercelastic
stability in the small, so the solution of eqn.(1.1) may be conveniently
separated into a steady-state solution and small perturbations about
the steady-state, i.,e. we let g = g, * €g  where € is small.

The steady-state solution is obtained from a set of non-linear
equations in g, 28 indicated below. The equations of motion in the
perturbed co—-ordinates g, will also be developed below, and is seen
to be:

B, *+ 04, + g, = O - en
in which
P = P
- -~
Q= QtQ, : (2.5)
R = R + R +R
~ ~Hl ~8 ~2

where the suffices 'm', 'a' and 'e' indicate contributions deriving
from the system mass, the aerodynamic forces and the elastic forces

respectively. Gravitational and other potential terms are assumed
absent,
2.2, Respective contributions

2,2.1, Mass Terms

The kinetic energy contribution can be shown to be:
a7 d 3R . AR
653—0 Sq. =/{ (R 51—9 E.ga; }dm (2.6)

1

d
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The expression may be fully expanded on substituting:

= _ dR
R= &
BR
LI e (2.7)
TEe 5q
Then, notlng that R is not a function of ql and setting q; = 95, + eq, i1’
q; = £4. ., etc . the various terms may be Separated out, and térms
1%volv1ng g2and higher orders ignored. The contributions to the
matrices premultiplying q,, q1 and 91 in eqn.(2.4) are found to be:
3R aR
P =JfGE ) dn (2.8)
~m ;7. qu °,
oR a“R
Qm = 2f (a~ ) .(3 T } dm (2.9
~ 9 o qi o
3R a3 R 32 R 3%R
R = M= .¢ +( ) =} dm (2.10)
< aqi o Bq Bt o aq Bq o 3t o

where the suffix 'o' indicates that the differemtials take their values
at the steady~state condition, The contribution to the steady—-state
equations is found at the same time to be

3R 3w
f*-:--'--—}dm
9 e

2,2,2. Aerodynamic Terms

Using Taylor's series to expand F and BR/Bq about the steady-
state condition and substltutlng into the expression for generallsed

force, eqn.(2.3), the aerodynamic contributions to the matrices are
readily determined as:

aR JF \

ga =-f (-B-&-.{:) -('gal—j)o ds (2.11)
R aF 32R

R, = _f{(aq L q.) + (quaqj) F }ds (2.12)

where, as before, the suffix To' implies values taken at the steady-
state condition.

The contribution to the steady=state equation is found to be
)4
~f #— .F ds,
qu -

2.2.3. Stiffness Terms

Usually in helicopter dynamic analysis, it is a relatively
simple matter to form an expression for the potential energy, U, in
terms of the generalised co-ordinates and the structural stiffness

distributions. Transformations through several sets of axes are
not involved and thus, it is not necessary to evolve the same type
of procedure as in the casze of the kinetic energy. The contributions

to the equations of motion are therefore given directly in terms of
u. Further explanation is provided in Section 4,3,
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Substituting, as before, q = g

o * Eq into BU/BQi in eqn.{2.1)
it follows that: - b -

2
R = .5.._.?._31']__ (2.13)
~8 qi Qj

and the contribution to the steady-state equations is qu.

2,3. Steady state equations

From sections 2.2.1, 2.2.2 and 2.2.3, the set of equatioms
describing the steady-state is seen to be:

3R %k IR 52y 2109
f&=— . —dn~f -+ Fds + L oe—r—-q. =0 .
89 5’ 9q;  ~ 5 993345

i=1,2,,.n

This is a set of non-linear equations in the variables q,, the solution
4, of which are independent of time if the helicopter rotor gxis has
components in the plane of the rotordisc neither of acceleration nor
motion relative to the surrounding air. Otherwise, the solutions are
periodic,

2.4, Equations of motion in perturbatiom co-ordinates

These are the equations (2.4} with the various matrix contribu-
tions given by eqnms. (2.3, (2,8 - 2.13). Again, if there is mno
component in the plane of the rotor disc of acceleration or motion
relative to the local air mass the matrix coefficients are constant,
otherwise some or all are periodic.

3. FORM OF TRANSFORMATION FROM L to R

A point in the moving system has position co-ordinates r with
respect to convenient axes, e.g. axes fixed to the blade root for a
point on a rotor blade, but in the equations of motion the position
co-ordinates relative to imertial axes, R, are required. The
transformation from one set to another is quite standard and straight-
forward; nevertheless, because it has some bearing on subsequent
computer program organisation, it is useful to examine the form the
transformation takes,

In helicopter aercelasticity, it is the rotor which is of
primary interest, and Fig.l shows a "semi-rigid" rotor blade in its
deflected state on which is indicated sets of axes which enable the
transformation from r to R to be made. The blade is comsidered
initially coned and pretwisted with an offset axis, and applied angle
of pitch. The elastic deflections are flap and lag of the blade
axis and pitch or twist about the local blade axis. Deformation
of a cross—section is excluded. The total flap f,(s) is given by
the deflection due to coning angle and that from tge flap modes, i.e.

fs(s) = Bos * ?fBi(s)qi (3.1)

where § is distance along the (possibly deformed) blade axis, 80 is
3,3-6



the coning angle, q. are the blade generalised co-ordinates and
f,.{s) are the elastic flap modes of deformation in those co=-ordinates.
Similarly, the lag deflection fCCs) is:

fc(s) = ffCi(S)qi {3.2)

and the local blade section pitch 6(s) is:

B(s) = 8_(s) + ifei(s)qi (3.3)

where GOCS) is the applied pitch plus built-in twist.

The overall transformation from g E{XA’YA’Z4} to R ={X,7,2} is
obtained by successive transformations between sets of axes, and it
can be shown that:

R=Ar+B (3.4)
where

A=TT,I.T, (3.5)

s .2 s 2
B=T |l{s -} fB(s)"ds T,| =} fz(8)7ds
o

(]
Y + fj(s) (3.6)
ZO + fB(s) o]
?o = cosflt ~ sinflt 0
sinQit cosfit O (3.7)
0 0 1
T, = [cosB(s) O ~sinB(s)
0 1 0 (3.8)
sinB(=) 0 cosB(s)
T, = [cosf(s) —-sinf(s) O
sinZ(s)  cosi(s) © (3.9)
0 0 1
-
I& = 0 0
cosf(s) -sind(g) (3.10)
0 sinf(s) cosf(s)
sti(S)
B(s) =‘30 + ? B R 9 (3.11)
afci(S) ,
L(s) = };T 9 (3.12)
i 3

% is the axis-length of the blade, and Y, and Z define the amount of
offset of the blade axis. Note that A and B are functions of §, and
not of y and =z. - -
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4, INTEGRATION OF TERMS IN THE EQUATIONS OF MOTION

The integrations required of the terms comprising the equations
of motion (2.8) to (2.12) and that describing the steady-state (2.14),
are either over the volume of the system {(mass terms} or the surface
area (aerodynamic terms). These can normally be much simplified,
and since our main interest continues to be concentrated on a rotor
blade, the integrations are now formulated for this part of the system.

4,1, Mass Terms

Inspection of eqns.{2.8) to (2.10} and (2.14) shows that the
integral is of the elemental mass times the scalar product of two
(3 x 1) vectors, each being a particular differential of R, e.g.
3R/dq., 92R/3q,3t, 92R/Dt®, etc. If the blade pitch is fixed (no
appliéd cyclic”pitch) then T, is the only time varying component
in & and B and so in eqns. (2.8) to (2.10) 3R/%t introduces a scalar
Q and a sKew-symmetric matrix S, where S, = 9T _/dt, and 3°R/3t?
introduces a scalar Q° and a Symmetric ﬁatrix~§2 where QZSE =
a’r /ae?, Then the only differentials required are dR/3q. and
82§98qi8q-. Let th? Ewo particular differentials under consideration
be denote& R(p) and ®'%/, Then:

E(p).R(q) c (A(p)E + §(p))'(§(Q)E . E(q))

= ET(é(p)Té(q))E

(g(q)Té(p) " ECP)Té(q))E

+

+

ECP)TE(Q) (4.1)

in which suffix 'T' indicates a tramspose, and normal matrix algebra
applies.

From the previous section, the last term 1is seen to be a scalar
function of 5, the spanwise blade co-ordinate, so that:

fg(p)Tg(q)dm = [eP)mix) dx ' 4.2

where x is written in place of 8§, m{x) is the spanwise mass distribution
and C°(x) is the scalar function. The dx integral is over the
complete span and the fact that Cpq_is a function of % only relies on

B being independent of y and z. Similarly, the middle term of eqn.
(4.1) leads to:

fCQ(Q)Té(p) . §(p)T§(q))E dm

=f (Dypqm(x)}_r + D_Plm(x)z)ax (4.3)

which is another scalar function of x, and in which y and z are the
?0"or§inates of the centre of mass of the blade section at x, and X,
in t is zero. Finally,

in the first term of eqn.(4.1) the matrix multiple A(p)TA(q) which
is again independent of g and z_can be written E q;~ this is comprised
of 9 elements E_ P4 g P4 g Py PL ' otZ, Then it can be
shown that: xx *y X2 yx
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= Pq

- I(Eyy Izz
in which I I _ etc, are the usual blade gsection moments and products
of inertia¥’ Thise quantities are usually expressed as "flatwise" and
"edgewise" inertias, so the axes of reference are synonymous with
X4, and z, in Fig.Il,

Pq Pq A
+E,, Iyy +25:Yz Iyz)dx (4.4)

If the applied blade pitch is time~invariant, then the
differentiations of A and B invelving time can be avoided by making
use of the (3 x 3) mitrices §, and S, mentioned below eqn.(4.1).

4,2, Aerodynamic Terms

4,2,1.General expressions

As for the mass terms in Section 4.1, inspection of eqmns.(2.11)
and (2.12) indicates that integrals over the lifting surface of the
scalar product of two (3 x 1) vectors, one being a certain diffarential
of R, and the other being either F_or a differentfal of F. Again

we denote the differentiations required by superfixes 'p' and 'q' so
that:

2@ pld _ (A(p)f . E(p))'E(Q)

~ ~

- @@y ¢ 5@ @p 4+ @y .5

in which P are pressures with reference to the local hlade axes and

the transformation between F and P is made through A. See Fig.2,
Thus integrations of terms Yike: ~ ~

r and P

~ -~

p(IT,@T, @) (®)T, (@ T, ()

need to be made, in which either "p', 'q' or 'r' could symbolise zero
differentiation and normal matrix representation is used. The first
of these can be shown to be:

fP(p)TA(q)TA(r)r ds
= qr p qr P
nyx foy dydx + szx xJPz dydx

qr P
+ szy /e Fydydx (4.6)
and the second

PMOERCENOP

=fp 9T fpb qr
/o T felaydx + /o, JePaydx 4.7)

where the integrals are over the lifting surface and E_, D_, etc. are
as in Section 4.1. Ry
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These eXpressions have certain terms absent due to simplifying
assumptions. The spanwise pressure component P_ is assumed zero.
A term involving P_Py can be shown to be associated with the movement
of points on the adrofoil surface towards and away from the axis (i.e.
in the y-direction) when the aerofoil is rotated. As Totations are
of small order, the movements occcurring are second order "shortening"
effects, and they and the_associated term P py may be neglected. The
same applies for a term P Pz in which the sbgrtening effect is in the
z—direction. A term involving P P2 can be identified with the
contribution te the aerodynamic moment of the edgewise forces on top
and bottom surfaces of the aerofoll section. TFor thin aerofoils,
these forces are drag-like and the overall contribution can reasonably
be neglected. ‘These simplifications are necessary because the
aerodynamic forces would normally be provided as a lift, drag and
moment on a (non-deformable) section, a detailed pressure distribution
not being available.

The dy integrals {over the chard) are readily identified as:

szdy = Leost + Dsinu
nydy = Lsin® - Dcost
[P ydy = M (4.8)

in which o is the section angle of incidence, and L, D and M are the
section instantaneous aerodynamic 1ift, drag and moment about the axis
of reference as in Fig.3.

4,2.2, Use of Strip Theory

Although more complicated formulations can be used, it isg
convenient to apply strip theory in obtaining L, D and M at a blade
section, The evaluation of these forces requires, amongst other things,
knowledge of the section aerodynamic coefficients C,, C, and C,, the
instantaneous incidence angle o and the instantaneous local (relative)
airspeed V. The latter are given in terms of components of air
veloeity with respect to local blade section axes, i.e.:

_ -1
o = tan ( Vz/vy)
= 2 2,4
V= (Vy + Vz ) (4.9
as indicated in Fig.3. These components are elements of the relative

air velocity vector V, where:

V= aFChr + B + u) (4.10)
in which u is a vector providing velocity components due to motiom of
the helicopter as a whole through the surrounding air mass plus induced
velocity through the rotor disec. It has to be remembered in eqn.(4.10)
that the differentiations of A and B are "full" so that:

s _dA _ 13 = 3
et ]
L i L
and similarly for é. Thus, various differentials A(p) and B(P) are

required in order to obtain V and the instantaneous section &, D and
M, -
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4.3,

Stiffness Terms

It is assumed that the blade stiffness properties are provided as
spanwise distributions of bending and torsiomal rigidities (i.e. ELyy(x)
EIZ (x), GJ(x)) and orientation of section principal axes; fhen the
benging and twisting strain energy can be easily formulated in terms of

the arbitrary modes of eqns.(3.1) to (3.3).
track rod stiffness, if any, must also be included here.

The contribution from
For a

symmetric blade section the principal axes are aligned with the flat
and edgewise blades axes (i.e. the local blade section axes), but the
flap and lagwise directions are not normally coincident, so it is
necessary to resolve the modal contributions through the local blade
pitch angle in order to build up the bending energy terms.

The differentiations necessary (eqn.(2.13)) are of the mode
shapes themselves and the integrations involved are over the span.
A detailed description of the procedure is not given here, as it
follows common practice.

5.

COMPUTER PROGRAM

All the work done so far has been concerned with single rotor
blade aercelasticity and situations in which the variables in the
steady-state case are independent of time, the coefficients in the

aeroelastic stability equations also being constant,

These equations

are built up by summing the individual contributions, and a good guide
to the overall program organisation is given by listing the sequential
operations necessary to provide a mass term contribution, equns. (2.8)

te (2.10).

(1)
(ii)
(iii)
{iv)
(v)
(vi)
(vii)
(viil)
(ix)
(x)
(xi)

Select
Select
Select
Select
Select
Form A

matrix

coefficient

differentiation required

base values of t and q,

blade statiom, and read in mass and modal data
and B

Compute required differentiation
Form the C, D and E coefficients
Perform required multiplications (eqns.4.2 to 4.4)
Integrate over all blade stations

Repeat

for all coefficients and matrices.

In order to form A4 and B in operation (vi) a routine is written

involving the transformation matrices (3,6) to (3.10).

The different-

iation is done numerically using central difference formulae found in

standard text books on numerical analysis, e.g. (2).

In the program

a choice can be made between 2-point (i.e. using one point omn each
side of the point of interest, and equivalent to obtaining the slope

from a fitted parabola), 4-, 6- and 8-point formulae.

The integration

is performed using Simpson's rule although higher order Newton-Cotes

precedures have been used also.

The input data, i.e. the mass and

inertia distribution and the mode shape data is calculated or inter-
polated at the chosen spanwise (integration point) stations,

) The aerodynamic terms in eqns.(2.11) and (2.12) are obtained
in a similar manner, with the additional complication of the need to

form F, the vector of aerodynamic forces.
(4.2.2) it is seen that data on C_,

From sections (4.2.1) and

C, and at blade stations must

L

be provided, and the full differentiagions with respect to time of A

and B, namely A and é

have to be formed in order to provide the

incidence angle o and local relative air speed V.
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The stiffness terms are relatively easily obtained and follow
from integration of stiffness and modal input data.

The steady-state equations (2,14) are formed from the separate
mass, aerodynamic and stiffmess contributions for starting values of
q- (normally zero). The left hand sides will generally be non-~zero
initially and an iteration process obtains q. for satisfaction of the
equations. A standard NAG routine based on"the Gauss-Newton method
is used for the iteration which minimises the sum of the squares of
the residuals,. (3}, The solutions or steady-state values q. are
then used as base values in estimating the matrix coefficientS for
the aeroelastic equations of motionm,

6. NUMERICAL TESTS

Numerical tests have been carried out on a simple rotor model
in order to establish confidence in the method and to assess the
accuracy that can be expected. These tests are as follows:

(a) Comparison of matrix coefficients determined by the
present method with those found analytically.

(b) Time independence check,

(c) Variation of accuracy with the number of points used
in the cemntral difference formulae for differentiation.

(d) Comparison of stability Bounds with those obtained
elsewhere,

These tests are described in some detail by Gibkons (4), but it is
not necessary to do the same here; the main conclusions should be
sufficient, and these are outlined in Section 6.2.

6.1, The Model

The mathematical model is that which applies to a single rotor
blade rotating at constant speed about a fixed axis, The blade is
itself rigid, and has a uniform mass distribution concentrated in its
own plane. It can flap, lag and pitch about axes which coincide with
or pass through the rotation axis against linear stiffnesses. The
aerodynamic forces are governed by a constant drag coefficient C, and
constant lift=curve slope (providing CL), and axi-symmetry prevails
{(i.e. no periodic terms). See Fig.4,

6.2, The Tests

To check the numerical approach against analysis as in (a) above,
the degrees of freedom were restricted to flap and lag, for a given
fixed amount of pitch. The matrix coefficients were derived by
straightforward algebraic analysis and compared with those obtained
numerically. There was exact agreement.

Because the test problem does not involve periodicity, the base
value of time t necessary to start the computer process should make
no difference to the final results, This formed the basis of the time,
independence check (b) and was tested on both the flap-lag model and
the full three degree of freedom model, by obtaining coefficient matrices
for various values of t. The results were unaffected by the base
value of t chosen,
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The accuracy dependence on the differentiation formula used
(test ¢) was investigated using the flap-iag model, and it was found
that at least five significant figures were correctly obtained in the
matrix coefficients of tha equations of motion for the 2-point formula,
and much better than that for the 4- and 8-point formulae,

‘In all of these cases, the integration was carried out spanwise
across only 5 spanwise stations only using the 5-point Newton—Cotes
quadrature tormula. More stations would be needed in more realistic
problems. Also, because at the time of the numerical tests the
chordwise integration was not effectively expressed through the
overall mass and aerodynamic properties (e,g., section moments of
inertia, section drag and moment, etc.}, it too required treatment;
in this case, three points chordwise were used.

Finally, a check was made on stability bounds with those which
appear in Bramwell (5). The stability of a particular configuration
in which the flag, lag and pitch stiffnesses vary was found by computing
the eigenvalues provided by the equations of wotion, and the boundaries
were obtained by interpolation. Although the case of three degrees
of freedom was investigated, the stability diagram for flap and lag
shown in Fig.5 compares directly with Fig.11.3 in Bramwell's book.
In this case the induced velocity parameter is A. = 0.04. The point
at which the amount of fixed pitch just eliminates instability can
also be found (6 c = 0.318) which agrees with that given by eqn,(11.10)
in Bramwell. °

7. DISCUSSTON

The automatic generation of helicopter aercelastic equations
of motion relies on the existence of a computer program in which
confidence has been established., This confidence can only come from
continued use of the program in practical circumstances, and so far,
experience is limited. The numerical exercises described in Section
6 at least demonstrate that the method works, and prowvide an indication
of the accuracy to be expected, The results have been sufficiently
encouraging for the technigue to be applied to much more realistic
problems in helicopter dynamics, and it is hoped that the results
will be available in the not too distant future,

In a sense, the method can quite easily be applied to complicated
models, because all that is nedded Basically is the ability to formulate
the successive transformation matrices in eqns.(3.5) to (3.10). This
follows from the modal definition of the deformed state. The complication
arises in the input of long strings of data, which comes hand-in-hand
with a practical system description.

Ar present, the evaluation of each matrix coefficient on a
practical rotor blade example of this type requires about L0 seconds
of CPU time on a Honeywell Twin 66/60 computer. This is using 25
integration points spanwise and a 4-point differentfation formula.
There is much scope for reducing the computer usage, but the accuracy
desired in the final results needs first to be defined. So far, no
real attempt has been made to improve the efficiency of the program.
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Computing time increases when tramslational flight is considered,
because periodic coefficients appear in the equations of motion. The
present method produces coefficient matrices at the instant of time taken
and thus for stability to be assessed, using "Floquet™ for example, the
matrices would need to be computed at several time instants,

Provided that unforeseen problems do not prove iInsuperable,
the technique described in thig paper represents a means of avoiding
some of the more laboricus algebraic manipulations necessary in forming
aeroelastic equations of motion, thereby allowing the saving of a
considerable amount of time and mental energy.
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