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Comment on ‘‘An Optimization
Method for the Determination
of the Important Flutter Modes’’

LI. T. Niblett*
Royal Aircraft Establishment, Farnborough, England

N a recent paper,! Nissim and Lottati criticized the

systematic order-reduction method of determining the
important flutter modes used by Baldock? on the grounds that
the computational labor involved was heavy. The method that
Baldock used was developed at RAE and is economical in
computation because it is based on an inverse-iteration
procedure in which attention is confined to finding out, for
each subsystem, whether there is a critical root sufficiently
close, in speed and frequency, to the critical root of the full
system to be considered the latter’s equivalent.

The flutter equations are taken to be in the form
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an eigenvalue problem in iw, where 4, D, and E are square
matrices of structural inertia, damping, and stiffness coef-
ficients, B and C are square matrices of real aerodynamic
coefficients, w is the frequency, and » is the airspeed. Sub-
tracting i(w—=) [A, I| {p,q}, where 7 is any scalar, from
each side of Eq. (1) gives
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The inverse-iteration formula is the above equation with the
(r+ Dth {p,q} vector on the left-hand side and the (r)th
vector on the right. Within the usual restrictions of the power
method, the values of w will converge to the solution of Eq.
(1) which is nearest 7. The iteration formula can be reduced to
the more-convenient form?3
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In the application of inverse iteration to order reduction, =
is put equal to the flutter frequency of the full system. One
row and column are removed from the flutter matrix at a time
and the eigenvalues nearest = found for a series of values of »
starting with the flutter speed of the full system and aiming to
find the value which gives a purely real value of w for the
reduced system. Limits are placed on the amounts by which w
and v can diverge from their full-system values and if either or
both of these limits are exceeded the row and column are
reinstated.
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If 7 is taken as purely real there is little danger of con-
vergence to the wrong eigenvalue because the eigenvalues
other than the critical one which are close to 7 will normally
have imaginary parts which are sufficiently large for them to
be further from = than the critical eigenvalue is. The
aerodynamic coefficients can be kept constant throughout the
calculation since the reduced frequency changes little because
the airspeed and frequency change little.

The computation time depends on how many rows and
columns can be dropped permanently but the time taken to
reduce a quinary to a binary on a DEC VAX 11/780 is of the
order of 5 CPU seconds.
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Reply by Authors to L1. T. Niblett

E. Nissim* and I. Lottatit
Technion—Israel Institute of Technology, Haifa, Israe!

N reviewing the current methods for the determination of

the important flutter modes, we mentioned Baldock’s!
method and remarked that it involves considerable com-
putational labor. We reread Baldock’s paper and nowhere
could we find a reference to the inverse iteration procedure as
being the method used to determine the flutter condition. The
above Comment by Niblett is therefore important since it
clarifies Baldock’s method and supplements his paper.

We would like, however, to note that the inverse iteration
procedure, as described by Niblett, converges to the mode
with complex frequency nearest to « (using Niblett’s notation)
and it does not necessarily follow the critical flutter mode.
This is especially true when a lightly damped mode is present
around the flutter frequency and the reduction in the order of
the system is accompanied by some changes in the flutter
frequency. Niblett claimed (in a private communication
during the course of publication of our paper) ‘‘the dangers of
roots close in modulus to be more apparent than real. When
failures occur, they are failures of the vector to converge.”’

We firmly believe that this vector convergence problem is a
direct result of roots close in modulus and it thus indicates
that the above dangers are indeed real and by no means ap-
parent.
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