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Vibration Control of Smart Composite Structures
Using Finite Element Method

Jae-Hung Han”™ and In Lee”

ABSTRACT

The vibration control characteristics of smart composite structures with piezoelectric material
have been investigated using finite element approach based on the shear deformation plate theory.
We propose ‘actuation(sensing) effectiveness’ of each element where piezoelectric material is
bonded or embedded. The canti-levered plate with piezoelectric material is solved. It is found
that the electrode near the fixed edge has larger actuation effect, and that for the torsional
mode the actuation effects are in phase along the diagonal direction so the electrode pattern
along that direction would be more efficient for torsional vibration control.
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Material properties and dimensions of
PVDF bimorph beam.

Young’s modulus, E 2.0 GPa
Shear modulus, G 0.775 GPa
Poisson’s ratio v 0.29

Mass density, p 1800 Kg/m3
Piezoelectric constant, ds; 23 pC/N
Dielectric constant, &33 106 pF/m
length 100 mm
width 5 mm
Total thickness 1 mm
Number of Layer 2
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E, 128.0 GPa
E, 11.0 GPa
G12 4.48 GPa
Go3 1.53 GPa
V12 0.25
Lamina thickness, ¢ 0.13 mm
Mass density, p 1500 Kg/m3
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Table 3. Verification of finite element model for natural

frequency.
. Present Crawley [16]

Laminate |\ Mode v S TFEM(Hz) | Exp. (H2)
1B 65.2 65.4 58.3

1T | 137.2 137.5 148.0

[0y/+ 30); | 2B 407.2 408.3 362.7
2T | 524.0 525.6 508.0

1C | 583.8 588.3 546.0

1B 55.4 55.6 48.6

1T | 174.8 175.4 169.0

[0/+ 45/90],| 2B | 344.0 345.3 303.0
2T | 589.7 591.8 554.0

1C | 814.3 820.1 739.0

1B 31.7 31.9 31.3

2B | 189.8 191.3 185.8

(+45/745) | 1T | 227.4 228.2 214.0
3B | 558.8 565.3 533.0

2T | 704.5 708.3 653.0

Aoz Fae 4 gl spAgRieh A ASe]
29 AA AXE A, JA9d 48 A v
7} 21(35) ¢} 7o) FojA= ukET Ao} (negative
velocity feedback)7]1E AM&-3sle] &4d Axz
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Fig.5. Configuration of the piezolaminated plate.

Table 4. Material properties of HFG graphite/epoxy
and piezoelectric material(PZT G1195)

G/E PZT G 1195

E, 130.0 GPa 63.0 GPa
E, 10.0 GPa  63.0 GPa
Gy 4.85 GPa  24.6 GPa
Gy 3.29 GPa  24.6 GPa
Vi 0.31 0.28

0.1125 mm 0.1 mm
1480 Kg/m3 7600 Kg/m3

Lamina thickness
Mass density, p

Piezoelectric constant, ds; 180 pC/N

(a) Uncontrolled
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Fig.6. Negative velocity feedback result(transient
response with bending forces).
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Fig. 7. Negative velocity feedback result(transient response with twisting forces).
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Table 5. Actuation effectiveness variation.

layer angle Elociuode
(1) (2) (3) (4) (5)
1st mode | 0 0. 3803E-08 0.3115E-07 0. 7822E-07 0. 1393E-06 0.1991E-06
10 0. 3596E-08 0.3091E-07 0.7791E-07 0. 1387E-06 0. 1976E-06
20 0. 3424E-08 0.3029E-07 0.7673E-07 0. 1367E-06 0. 1947E-06
30 0. 3398E-08 0.2911E-07 0. 7394E-07 0. 1321E-06 0. 1889E-06
40 0. 3439E-08 0. 2709E-07 0. 6894E-07 0. 1236E-06 0. 1785E-06
50 0. 3447E-08 0.2441E-07 0.6223E-07 0. 1122E-06 0. 1642E-06
60 0.3391E-08 0.2168E-07 0.5537E-07 0. 1005E-06 0. 1488E-06
70 0. 3155E-08 0.1941E-07 0.4979E-07 0. 9073E-07 0. 1347E-06
80 0.2612E-08 0.1783E-07 0.4622E-07 0. 8396E-07 0. 1229E-06
90 0. 1883E-08 0.1708E-07 0. 4499E-07 0. 8076E-07 0. 1145E-06
2nd mode| 0 0. 1391E-07 0. 9805E-08 0.5499E-17 0. 1055E-07 0. 6843E-07
10 0. 1424E-07 0. 1103E-07 0. 1403E-08 0. 1100E-07 0.6768E-07
20 0. 1410E-07 0. 1205E-07 0. 2655E-08 0. 1055E-07 0.6312E-07
30 0.1381E-07 0.1278E-07 0. 3748E-08 0. 1002E-07 0.5712E-07
40 0. 1366E-07 0. 1320E-07 0.4596E-08 0. 9866E-08 0.5175E-07
50 0. 1368E-07 0.1311E-07 0.4969E-08 0. 1012E-07 0.4830E-07
60 0. 1370E-07 0.1231E-07 0.4693E-08 0. 1065E-07 0.4728E-07
70 0. 1343E-07 0.1073E-07 0.3723E-08 0. 1127E-07 0.4851E-07
80 0. 1265E-07 0. 8545E-08 0. 2088E-08 0. 1166E-07 0.5109E-07
90 0.1138E-07 0.6294E-08 0.1456E-17 0.1132E-07 0.5332E-07
3rd mode| 0 0. 3738E-08 0.1843E-07 0. 2486E-07 0. 1060E-07 -0.2138E-07
10 0. 3697E-08 0. 1836E-07 0. 2470E-07 0. 1046E-07 -0.2137E-07
20 0. 3585E-08 0.1790E-07 0.2411E-07 0.1012E-07 -0.2155E-07
30 0. 3384E-08 0. 1687E-07 0.2285E-07 0.9511E-08 -0. 2158E-07
40 0. 3066E-08 0.1519E-07 0.2081E-07 0. 8612E-08 -0.2096E-07
50 0. 2666E-08 0. 1313E-07 0. 1830E-07 0. 7582E-08 -0.1951E-07
60 0. 2297E-08 0.1119E-07 0. 1592E-07 0. 6668E-08 -0.1757E-07
70 0. 2033E-08 0.9787E-08 0.1412E-07 0. 6025E-08 -0. 1564E-07
80 0. 1884E-08 0. 9066E-08 0.1307E-07 0. 5664E-08 -0.1401E-07
90 0. 1842E-08 0. 9023E-08 0. 1273E-07 0. 5510E-08 -0. 1286E-07
4th mode | 0 0. 2360E-08 -0.5158E-08 -0.5006E-18 0. 6116E-08 -0.1423E-07
10 0. 2622E-08 -0.4161E-08 0. 7060E-09 0. 6222E-08 -0. 1387E-07
20 0. 2960E-08 -0.2818E-08 0. 1422E-08 0. 6128E-08 -0. 1287E-07
30 0. 3199E-08 -0.1338E-08 0. 2244E-08 0. 5883E-08 -0. 1154E-07
40 0. 3196E-08 0. 2349E-09 0. 3440E-08 0. 5689E-08 -0.1010E-07
50 0.2819E-08 0. 2337E-08 0. 5649E-08 0. 5844E-08 -0. 8289E-08
60 0. 2036E-08 0.5522E-08 0.9111E-08 0. 6194E-08 -0.5309E-08
70 0. 1412E-08 0. 8285E-08 0. 1158E-07 0. 5985E-08 -0.2158E-08
80 0.1182E-08 0.1001E-07 0. 1266E-07 0. 5433E-08 0. 1650E-09
90 0. 1065E-08 0.1117E-07 0. 1299E-07 0. 4643E-08 0. 2249E-08
5th mode | 0 0. 8850E-10 0. 7702E-08 0.1010E-07 0.4182E-08 0. 2326E-08
10 0. 3509E-09 -0. 7606E-08 -0.1022E-07 -0.4204E-08 -0.2907E-08
20 0. 9248E-09 -0.7577E-08 -0.1055E-07 -0.4347E-08 -0. 3445E-08
30 0. 1466E-08 -0.7753E-08 -0. 1096E-07 -0.4420E-08 -0.4045E-08
40 0.1841E-08 -0.8193E-08 -0.1125E-07 -0.4171E-08 -0.4944E-08
50 0.2111E-08 -0. 8643E-08 -0. 1089E-07 -0. 3224E-08 -0.6556E-08
60 0. 2309E-08 -0.8208E-08 -0.8760E-08 -0.1201E-08 -0.8751E-08
70 0. 2064E-08 -0. 6945E-08 -0.5609E-08 0. 9091E-09 -0.9954E-08
80 0. 1586E-08 -0.5755E-08 -0.2815E-08 0. 2578E-08 -0.1032E-07
90 0. 1244E-08 -0.4315E-08 -0.5540E-08 0.4176E-08 -0. 1027E-07
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