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I. STATEMENT OF PROBLEM STUDIED

Several problems concerning the vibration control of
helicopters were studied. Methodology for introducing
struc.ural modifications leading to vibration reduction has
been developed. In particular, a formulation for attaching
appendages to continuous structural members was completed
and applied to a two-beam helicopter model. A procedure
for the optimal placement and subsequent tuning of
vibration suspension devices has been devised. The
placement and tuning is based on the existence of "fixed"
points in the displacement-frequency response curves. The
distance of these fixed points from the resonant
frequencies to be controlled are an indication of the
goodness of placement. Furthermore, a new theory for
spreading two natural frequencies of a helicopter model was
developed.
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II. SUMMARY OF THE MOST IMPORTANT RESULTS

-
.

Eigenvalue Reanalysis of Locally Modified Structures
Using Generalized Rayleigh's Method

Approximate eigenvalue reanalysis methods for locally
modified structures have been developed based on the
generalized Rayleigh's quotients. For simple modifications
such as adding springs, masses, or changing truss member
cross-sectional areas, closed form formulas have been
derived. The methods have been applied to several examples
with good results.

2. Generalized Dunkerley's Estimates for Eigenvalues for
conservative Linear Systems

A. Lower Bound Estimates for Higher Modes

Based on the relationship between the eigenvalues of a
linea~ conservative system and the coefficients of the
characteristic polynomial, lower bounds for eigenvalues are
computed. The bound on the first eigenvalue is the
classical Dunkerley bound. This is a lower bound. The
estimated bounds for higher modes do not enjoy this
guarantee. Test cases show that we can get the lower bound
for up to the third mode. Danilevsky's method was used to
generate the characterisitic polynomial.

B. Imoroved Estimates of Fundamental Modes

In the literature it has been shown that improved lower
bounds can be obtained by taking traces of matrices that
are powers of the dynamical matrix. This is numerically
inefficient since it involves multiplications of matrices.
Based on the Newton's identity, the traces of powers of the
dynamical matrix can be computed recursively from the
coefficients of the characteristic egquations. No matrix
multiplication is involved. From these traces, upper bound
estimates can also be computed.

3. Reshaping the Frequency Spectrum of a Structure

o Some of the significant results of this period deal

™ with the reshaping of the spectrum of structures by the

F! ’ selective modification of element properties. The problem
is that of shifting natural frequencles away from a

particular level, such as that of a driving force

frequency. In particular, the goal is to spread two

L frequencies, i.e., decrease one frequency and

¥ simultaneously increase the other freguency, by structural

modifications. Normally this involves a two step process,




whereby each frequency is shifted separately to achieve the
desired changes. However, a new method has been formulated
which will (1) identify the best structural elements for
modification in order to spread two freguencies and (2)
find the optimum magnitude of the modifications to the
element stiffness matrices to effect the desired changes.
The formulation is based on the use of a 2nd order
expansion of the frequencies with respect to the changes in
element stiffnesses. The first order terms are used in the
identification of appropriate elements to be modified and
the full second order expansion is used to optimize the
amount of change. A 108 element helicopter (tail boom)
model was used to demonstrate the success of the method in
spreading two fregquencies.

4. Modal Formulation for the Limiting Performance of a
Helicopter Mode

The limiting performance problem has been formulated in
terms of the modal characteristics of a helicopter. The
mode shapes can be obtained experimentally or can be
generated computationally.




t aax ai L lan Sa fag ai Bag fag Sad Su- M-Sl e b b voL IV ¢ _at g e g - d = b, -

III. JOURNAL PUBLICATIONS

1. "Generalized Dunkerley Bounds for Discrete Systems," L.
Kitis, B. P. Wang, and W. D. Pilkey, J. of Engineering
Mechanics, Vol. 110, No. 6 (1984), pp. 1011-1014.

2. "Synthesis of Dynamic Vibration Absorbers," B.P. Wang,
L. Xitis, W. D, Pilkey, A. Palazzolo, Journal of
Vibration, Acoustics, Stress, and Reliabilty in
Design, Vol. 107, (1985), pp. 161-166,

3. "Stuctural Modifications to Achieve Antiresonance in
Yelicopters,” B, P. Wang, L. Xitis, W. D. Pilkey, and
A. Palazzolo, Journal of Aircraft, Vol. 19, No.6
(1982), pp. 499-504.

4. "Helicopter Vibration Reduction by Local Structural
Modification," B. P. Wang, L. Kitis, W. D. Pilkey,
and A. Palazzolo, Journal of the American Helicopter
Society, Vol. 27, No. 3 (1982), pp. 43-47.

5. "Eigenvalue Reanalysis of Locally Modified Structures
Using a Generalized Rayleigh's Method," B. P. Wang
and W.D., Pilkey, AIAA Journal, (1985).

6. "Transient Response Optimization of Vibrating
Structures by Liapunov's Second Method," B. P. Wang,
L. Xitis, W. D. Pilkey, Journal of Sound and
Vibration, Vol. 96, No. 4 (1984).

7. "Optimal Frequency Response Shaping by Appendant
Structures,” L. Kitis, W. D. Pilkey, B. P. Wang,
Journal of Sound and Vibration, Vol. 95, No. 2 (1984},
pp. 161-175,

8., "Vibration Reduction Over a Frequency Range," L. Xitis,
W. D. Pilkey, B. P. Wang, Journal of Sound and
Vibration, Vol. 89, No. 4 (1983), pp. 559-569.

9. "Reanalysis of Continuous Dynamic Systems with
Continuous Modifications," Y. Okada, B. P. Wang, W. D.
Pilkey, Shock and Vibration Bulletin, Vol. 54, No. 3,
(1984), pp. 35-42.

.........
nnnnn




11.

12,

WSt —ad cap i ash o haih A - At Caibe TR A 0 e bl Al

10.

"A Computational Technigue for Optimizing Correction
Weights and Axial Location of Balance Planes of
Rotating Shafts," W. D. Pilkey, J. Bailey, and J. D.
Smith, Journal of Vibrations, Acoustics, Stress, and
Reliability in Design, Vol. 105 (1983), pp. 90-93.

"Discrete Modifications to Continuous Dynanic Systems,”
Y. Okada, B. P. Wang, W. D. Pilkey, Shock and
Vibration Bulletin, Vol. 54, No. 3, (1984), pp. 29-34.

"Optimal Frequency Response Modification by Added
Passive Structures," L. Kitis, W. D. Pilkey, B. P.

Wang, Journal of Aircraft, Vol. 20, No. 11 (1983), pp.
897-898.

TETEITESTTW TR TSI TTU™EITg L e T W WY T L Te T T e T W T M e e e e el el e e

L e I

-

il

-

-




e il v . .
L3P oo ] L T ..
':.l_l.! 3, % D VL A
s . X S e K
- . P .

»
.

R IV. PARTICIPATING SCIENTIFIC PERSONNEL

PILKEY, W. D., Principle Investigator
KITIS, L., Received Ph.D.

MAYER, G., Ph.D. Candidate. Will receive degree soon.

WANG, B. P., Associate Research Professor




.
-

TV NSV

\ T

B S S e S~ A T SO S T

)

B L L e e

: ‘ o
™~ C
| %
|
H o
» 4

- REX e ol Lt
~ e e e e e R SRS NN
» Ly .W1 i!\\};’\..«\s v e e e T te 1ty Byt YRR PN L - Py ~“- « L] N



