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Gas Turbine Blade Vibrations

Fatigue Related Phenomena

Catastrophic Failures and Reduction of the
Blades-Life




without control

with control




Optimal placement of piezoelectric plates: single mode

F(t)=F,Cos(w;,t)
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Optimal placement of piezoelectric plates:

multimode control

MX (1) + CX (1) + KX (£) = @ V, Cos(w bt)>\
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w(a, b, x,t) = EXn(t)q)n(X)
L n=1

piezoelectric effect
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2 eigenmodes considered: i and |

MX (1) + CX(t) + KX (t) = B(a,b)[VI-Cos(w D+V Cos(w jt)]



multimode control

Optimal placement of piezoelectric plates:

After a transitory time, the amplitude of the vibrations of the free end is:
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Optimal placement of piezoelectric plates:
multimode control
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‘Optimal placement of piezoelectric plates:

-~ experimental apparatus for fixing beam :

Beam with the . ,. L - beam

.
peezoelectne plates ; gy il | - piezoelectric plates
4. | - accelerometer

Amgplifier of the Switches

piezoelectne plates e O
| S Shear Accelerometer ) = e | amplifier of the

e, t!z__.._!.__. -‘ (PCB PIEZOTRONICS ‘ { piezoelectric

=3 | [| 352B10) . ‘ plates ¢ switches
3 5 B = 2
"". b— v > -_—
E ] ICP semsor sagnal ]
| L conditionsr . - ﬁ»_;,".'»: :

HP.$46038 e

[
osclloscope — T . ICP sensor signal conditioner
- . - B <
! p g . b

&
o

NI-BNC-2110
Plug Adaptor

NI-BNC-2110 [
Phag Adaptor

A

U

\

NI.PCI.6711 p i NI-PCI-4472
wgnal creator 1| To1~ signal reader

PC beam with the

psolc , &

1 mmm,,“

shear accelerometer (PCB PIEZOTRONICS 352B10)

s




Optlmal placement of plezoelectrlc plates:

experlmental apparatus for flxmg beam .
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_Itis possible to find all'the experimental results in:

- - -

F. Botta, N. Marx, S. Gentili, C. W. Schwingshackl' L. Di Mare, G. Cerri, D. Dini, Optimal
placement of piezoelectric plates, for active yibration c'ontro[ of gas turbine b[ades:,
experimental results, Proc. of SPIE Vol. 8345, 83452H-1- 83452H-11 (San Diego -2012):




Optimal placement of piezoelectric plates:
rotating beams
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Optlmal placement for coupling of the first and second

mode
I First and zecond mode
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Optimal placement for coupling of the second and
third mode

r Second and third mode
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Optimal placement for coupling of the first and third
mode

r First and third mode
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Optimal placement of piezoelectric plates:
experimental apparatus for rotating beam




Conclusions and future work

*The optimal placement of piezoelectric plates to control multimode
vibrations of rotating beam has been studied.
*Optimal configurations have been reported for. different angular
velocities and different mode ratio
*Experimental prototype has been built and the experimental tests are
going on
*The work must be extended to:

*more than 2 frequencies

*torsion effect (numerical studies are going on)

°real geometry of the blade



