List of Figures:

21
22
2.3

24
2.5
2.6
2.7
3.1
3.2
3.3
34
3.5
3.6
3.7
3.8
3.9
3.10
311
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
4.1
4.2

Piezoelectric Symbolsand Terminology..........oovvvi i e, 8
Flowchart for Literature Search............c.oieii i 10
Model of 1 DOF System with Shunted Piezoelectric in Parallel with Modal

Closed Loop Control System Block Diagram...........coovvviviiiiiiiiiiieneeans 16
Digital Control System Block Diagram...........c.ccoiiiiiiiiiiiie e 17
Shunting of Piezoelectric Materials..........c..ouvieiiiiii e 22
Operational AmpPlifier CIrCUIT. .. .......ouuie it 23
Vibrations and Acoustics Test Stand Schematics............ccoovevii i 30
Frame for Bottom BOX ENCIOSUIe. ..........oieiiiiii e 31
Section View of Bottom Box Enclosure Side...........ccoovov i, 32
Front Side of Bottom Box ENClOSUNe. .........cooviii i, 33
Inside of Reception Chamber....... ... 34
EXCITatioN Frame. ... . ..ot e 35
Excitation Frame Mount to BOttomM BOX..........covviiiiiii i, 36

Clamping Frame on Excitation Frame..............c.cocceiii i iiiiiiiiieene .36
Electromagnetic Shaker and Stinger Rod Assembly...........cccooviiiiei .37

Total Test Stand ASSEMDIY ... ... 38
Standard Test Plate in Testing POSItION. .........ooviiiii i e 39
ACOUSLIC Barrier ArrangemeNt..........ee et e e e e e ere e e eaes 40
Placement of Optical Fiber Sensor...........ocvii i 41
Shaker Table Test Stand and Data Acquisition SchematiC................coceveene... 42
Periodic Chirp Signal Generated by HP Analyzer.............coooiiiiiiiiiiinnenns 43
Power Spectral Density of Frame without Test Plate Installed...................... 44
Effect of Test Plate on Frame RESPONSE. ... v viniiiiiee e e 45
Sample Freguency Response Function Datafor Standard Test Plate............... 46
Repeatability TeSt RESUITS. ... .....oeiieie e e e a7
Linearity TeSt RESUILS. ... e e 48
Baseline Test Results for Undamped Plate Used in Shunted PZT Tests............ 50
Baseline Test Results for Undamped Plate Used in Active PZT Tests.............. 51

Vil



4.3
4.4
45
4.6
4.7
4.8
4.9
4.10
4.11
4.12
413
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21
4.22
4.23
4.24
4.25
4.26
4.27
4.28
4.29
4.30
4.31
4.32
4.33

Finite Element Model Resultsfor Test Plate. .. ....c.ooe oo e e e 53

PZT Placement on the Test Plate for Shunted PZT TestS........cocooviviiiiieenennns 54
Effect of PZTson Shunted PZT Test Plate.........c.ovviiiiiiiii i 55
PZT Placement on the Test Plate for Active PZT TestS........ovvviiiiiiiieninnn, 56
Effect of PZTson Active Control Test Plate..........ovvvvviiiii i, 57
PZT Attachment with Vacuum PUMP...... ... e, 57
Smart Damping Plate Test Setup for Shunted PZT TestS.......cc.ooviiiiiiiiennnn. 58
Block Diagram for Shunted PZT TeStS........vvviiiiiiie e 59
Smart Test Plate for ACIVE PZT TeSES. .. ... vt 60
Schematic lllustration of EFPI Fiber Optic Sensor..........c.o.vvvveiiviiiiie i iannes 61
Active Control TeSt SELUP. .. ... vv vt ren e ieea e OL
PZT Placement and Shunting Strategy ... ......c.v v veiiiiiiiiie e 63
Shunted and Unshunted Plate Frequency Response..........c.o.cvcvvvviiviinn e ene. 64
Block Diagram of PPF FIlter........oooi i e e e 66
Block Diagram of PPF CoNtroller...........oooviiiiiiiiii e 68
SiMUlink BIOCK Diagram........oou i e e e e e e e 70
Control System BIOCK Diagram.........c.oviiiieiie it i e e e 71
ACHVE PZT TeSE SBUPD. . e vt et et e e e e e e e e e e 72
Active Control with 1 PPF Filter (Mechanicaly Excited) ...............ccooeett. 73
Active Control Test with 1 PPF Filter (Mechanically Excited)...................... 74
Active Control Test with 1 PPF Filter (Acoustically Excited)....................... 75
47 Hz Pure Tone Active CONtrol TeSt.......ovviiue i e e e 76
Active Control Test Resultswith 3 PPF FIlters..........oooov i 77
Control With 5 PPE FItErS. ... e 78
Control With 5 PPE FItErS. ... e 79
1-D Model to Represent a PZT Driven Structural System.............cccevvveenn e, 81
Clamping Frame with BOItS..........c.iiie i e, 82
Block Diagram of Test Setup: Health Monitoring and Active Contral............. 83
Impedance Signatures for the Undamaged and Damaged Test Plates............... 84
Damage Metric Chart of Different Impactstothe Plate................ccooooiiienits 85
Damage Metric Chart, Repeatability TeStS.......c.ovvviiiiiiiiiici i 86

viii



4.34
5.1
5.2
5.3
5.4
5.5
5.6

5.7

5.8

5.9

5.10

5.11

5.12

FRF of Plate without and with Active Control at Different Temperatures......... 88
Unshunted and Shunted Plate Vibration Response...........cccovoevviviiiiinnnnn. 92
Uncontrolled and Controlled Plate Vibration Response............c.ccoveeiiinnnes 93
Frequency Response of Unshunted and Shunted PZTs. ................coce00095
Third-Octave Band Analysis for Undamped and Shunted Plates.................... 98
Reduction in Undamped Plate Vibrations (1/3 Octave Band)........................98
1/3 Octave Band Analysis for Undamped, Uncontrolled, and Controlled

[ | (= 100
Reduction from Undamped Plate Vibrations..............ccooviiviiiiiiiie e 101
Reduction from Uncontrolled Plate Vibrations. .........oovooiiii i 101

Reduction of Undamped Plate Vibrations Using Shunted PZTs — Scaled by
ACTUBLON ATBAL .. ...t e e e e e e e ie e aaeeaeeeeneenne .. 100
Reduction of Undamped Plate Vibrations Using Active PZTs — Scaled by
ACTUBLON ATBAL .. ...t e e e e e et ie e aeeeaeeneeneenee .. 100
Comparison Between Vibration Reductions for Shunted and Active PZTs —
Scaled DYy ACIUBLOr ATEaL ... ..ot e e e e e 107
Reduction of Uncontrolled Plate Vibrations Using Active PZTs — Scaled by
ACTUBLON ATBAL .. ...t e e e e e ien e eeeeeeeneee 2 107



List of Tables:

2.1
22
4.1
4.2
4.3
4.4
5.1
5.2
5.3
5.4
55
5.6

5.7

5.8

Applications of Piezoelectric Materials...........ovviiiiii i 9
A Classification of Different Types of Shunt Circuits..............ccoovviiiiinnnn. 12
Effect of PZTsUsing Shunt CirCUItS. ........ocoiviiii e 64
Effect of Actively Controlled PZTs On Plate Vibration Levels..................... 79
Controller Parameter for Different Plate Temperatures. ............o.ooeveiennnnnn. 89
Comparison of the Active Control Results for Different Temperatures............ 89
Effect of Shunted PZTson Peak Vibration Levels............ccooooiiiiii i, 96
Effect of Actively Controlled PZTson Peak Vibration Levels....................... 96
Summary of Damping Achieved with Shunted PZTs............ccooiviiiinni, 99
Summary of Damping Achieved with Actively Controlled PZTs.................. 102
Plate Areato Actuator Area ComMPariSON. .. ......uveuieine e e aeiieieneeeeens 103

dB Reduction in Narrowband Vibration Levels (Scaled by Actuator Area) —
Shunted PZT TeSES. .. ucueieie it e e e 104
dB Reduction in Narrowband Vibration Levels (Scaled by Actuator Area) —
ATV PZT TS, .t e e e e e e e e e 104
Added Weight to Undamped Plate............ccooiiiiiiiiii e 108



