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1 Structural Health Monitoring (SHM)

2 Non-destructive testing
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1 Fourier transform

2 Wavelet transform

3 Liquid penetrate method

4 Magnet field method

5 Eddy-current method

6 Vibration and modal analysis
7 Acoustic emission method

8 Ultrasonic method

9 X-ray method

10 Thermal method
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1 Advanced Diagnostic System (Real time subsystem monitoring)

2 NASA's space shuttle modal inspection system
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2 Free-free boundry conditions

3 Differential Quadrature method
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1 matrix

2 thermoset

3 thermoplastic

4 epoxy

5 polyesters

6 PEEK (polyether etherketone)
7 PP (polypropylene)

8 autoclave molding

9 filament winding

10 thermoplastic molding
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2 grid-stiffened
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4 Vickers Wellington
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1 Excitation mechanism

2 hammer

3 Electro-dynamical shaker
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charnel | acquisition | apphy ta Al
Device _H Status  Coupling IEPE Input Range Sensitivity Engineering Init @
Dewvl ] on ac 2.1 ma +/-5Y 330 mvEL miz"2
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Dl 2 Off Bz 2.1 ma +/-5Y 1000 mEL W
Drewvl 3 Off iz 2.1 mh +/-5Y 1000 rEL W
Help Apply QK Cancel
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Sensivity: 2.25 mV/N
PCB hammer Mass of head: 6.6 gr
Tip: hard plastic
Number: 1

PCB accelerometers Sensivity: 3.30 mV/N

Mass: 4.5 gr
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Abstract

Being able to monitoring structural health and identifying damage at least time
Is important problem for the engineers especially in mechanics and aerospace.
Here, one of the attractive methods for structural health monitoring is strain
energy damage index method based on the frequent vibration properties of
structures. This method is based on the fact that modal parameters of structure
(such as frequency, mode shape and modal damping) are function of its physical
properties (such as mass, stiffness and damping). The properties Changed are
caused that the strain energy of structures changes. Hence, it can be used strain
energy of damaged and undamaged structures for identifying fault position.

Aim of present research is damage detection of grid stiffened composite
cylindrical shells using strain energy method. First, a brief introduction of
composite structures with grid stiffeners, their advantages and applications than
other structures is discussed. Then, some of the common defects in these
structures are discussed. In the following, an overview of the modal analysis of
structures, fault detection using modal analysis and history of works done, are
explained. So, the needed equations for the modal strain energy of hexagonal
grid stiffened composite cylindrical shells and the strain energy damage index
are extracted and used to identify damage in numerical and experimental
methods. The results of damage index on the finite element and experimental
models demonstrate that, despite the noise generated by the test, it can identify

cracks successfully.



Shahrood University of Technology

Faculty of Mechanical Engineering

Damage detection of grid stiffened composite
cylindrical shells using strain energy method (SEM)
A Thesis Presented for the Degree of
Master of Science (M.Sc) in Mechatronic department
By:

Mohsen Tajik

Supervisors:

Dr. A. Jalali
Dr. M. Ghanad

September 2013



