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Influence of the piezoelectric effect on the dynaraibehaviour of an active blade
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Abstract

The aim of the paper is to perform numerical angeeixnental studies of an active rotor with threeposite blades. The test stand
of the rotor consists of a hub with drive shaft dmee grips with laminate beams equipped in acleenents. The modern actuators,
so called the macro fiber composite (MFC), charadrby complicated construction were applied. gsitandard tools of Abaqus
software package the simplified model of macrorfic@mposite element was developed. Therefore, tbgepted model is made of
orthotropic and homogenous piezoelectric matevidlere voltage is applied to opposite specimen falcesumerical model the
MFC elements with alternative parameters were malatethe surface of the each glass-epoxy laminlageb. The influence of
the specific MFC model parameters on the dynami@tielr of the rotating system was examined. Nuraém@malysis for the
constant supply voltages of the actuators andrdiffevalues of the constant rotating velocity weeeformed. A selected numerical
results have been validated in experimental t&$is.obtained results demonstrate that the stif(gaaftening effect can be generate
by piezoelectric element. However, its effectivenstsongly depends on the alternative piezoelectnistant value.
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The M-8528-P1 type of MFC active element with pideogic
1. Introduction da; effect was used. The rotor blades were made sEgipoxy
unidirectional composite prepreg (CS). The testeanisehad

The finite element method is used to investigate th [¥45/90klayers configuration.

eigenvalue problem of laminated composite strusturhe 45
problem of rotating active composite structuregasticularly — ————— | 320 |

interesting [2,5]. The paper is focused on deteiminthe -g‘
influence of the piezoelectric effect on the dynaiehaviour : ——

of an active rotor with three composite blades.ifestigate
the dynamic behaviour of the system, a numericadaho M_ 77777777777777777777777777 { vl
oy

analysis is performed. Next, the simulation resatescompared
with the findings of experimental tests. i \ 56 |5

2. Object of the study Figure 2: Dimensions of one blade in mm

The examined rotor (Fig. 1) composed of a hubjiged The geometrical dimensions of the active blade given in
shaft, three grips and three composite blades milro fiber  Fig. 2. The hub was made of Polyamide 6 (PA) arddtive
composite actuators. shaft was made of steel (FE). Moreover, the gris wade of
steel and aluminium alloy (AL). The mechanical mudjes of
all materials are given in Table 1.

Table 1: Mechanical properties of the tested malteri

Parameter FE PA AL CS MFC
Longitudinal
modulus in GPa 464 303

210 1.6 69
Transverse

modulus in GPa

Shear modulus in
GPa 80 0.6 29.5 5.2 55

Poisson'sratio[-] 0.3 042 033 027 0.31
Densityinkg/mt 7850 1130 2700 2032 5440

149 158

Figure 1: Three-dimensional model of the activero
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3. Numerical model of the active rotor

supply to the MFC actuator caused initial stressdiglction.
Due to that effect, the eigenfrequency value mayhenged.

The FE model of the composite blades was made usinfhe nature of these changes (i.e., increase oeasey depends

continuum shell finite elements (SC8R) with
integration. The sequence of the laminate layers sl@aped
according to the layup-ply technique. The FEM moadlethe
actuator was constructed using C3D20E solid elemérite
numerical models of other elements were designéualyuhe
C3D20RE and C3D10 solid elements.
boundary conditions of the numerical model werdized by
restraining the nodes located on the foundation il
translational degrees of freedom. The combinatiballoparts
was determined by defining interactions as “TIE hieh
resulted in linking the degrees of freedom of thedes in
contact on the appropriate surfaces of the model [1

Rotation at a constant angular velocity generatesnatant
centrifugal force. This effect was taken into agtoin the FE
model by introducing a mechanical load. The voltagpplied
to the MFC element was defined by electrical boupndar
conditions. The MFC element consists of many PZesuand
the voltage is applied at many poles, thereforerdgiguous FE-
model was built. As a solution, the effective pieleatric
constantss* has to be defined for whole MCF element.

4. Influence of the piezoelectric effect on static and

dynamic responses

According to the literature [4,7], the optimal gilified value
of the effective piezoelectric constait* for this transducer in
static analysis is equal 1.01*¥0m/V. The validation of the
static deflection of the composite beam with MFCnhedat in
the numerical and experimental analysis was destrib the
paper [3]. All results showed a very good agreendeet to the
accepted criterion.

In order to dynamics of the active rotor, numericendal
analyses were performed. The Lanczos method [1]finite
element analysis was used. The simulations werferpezd for
selected values of angular velocity. Next, thet #gperimental
bending eigenfrequency of the rotor rotated at astamt
angular velocity was validated and compared witlults of the

FE simulation (Fig. 3).
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Figure 3: First bending eigenfrequency in functadrrotational
velocity of the rotor
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The obtained characteristic indicates that therdigquency
of the first bending mode increases with increasthg
rotational velocity. This phenomenon is known ase th
centrifugal stiffening effect [6].

Next, the first eigenfrequency of the fixed rotorasv
determined applying the selected constant suppliag®e and
the effective piezoelectric constatiz*. The constant voltage

The mechanice

reducedon the voltage sign. The numerical results for thfferent

values ofdss* are compared with experimental results in Figure
4. In this case, the effectiveness of active stiffg effect
depends on the effective valuedaf*.
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Figure 4: First bending eigenfrequency versus geltar two
alternative piezoelectric constaht* values.
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5. Conclusion

The model of a active rotor was prepared by théefin
element method using the commercial system Abagirst
eigenfrequency of the rotor for selected anguldociy was
determined. The value of the first bending eigeniency
increased with increasing the rotational velocihe(centrifugal
stiffening). The numerical results revealed thae thctive
stiffening effect depends on the alternative pittiac
constantdss* value. Finally, the change of first eigenfrequgnc
as a function of the selected voltage and diffexaftes of the
constant rotational velocity was presented. The arigal
observations were validated experimentally.
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