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A- Basic Information

1 Title Experl_mental methods in structural Code: AER 644

analysis
2. UnitgCredit || oo 2 Tutorial 0 Practical 0 Total 2
hours per week:

B- Professional I nformation

1. Coursedescription:

This course is the third of a series of courses aiming to setup the theoretical and technical
background behind experimental modal analysis. These courses are AER 602 and AER
631 courses.

Specifically, this course aims at dynamic system identification by experimentally
measuring its Frequency Response Function (FRF). This course begins by reviewing uni-
variate random processes, and then extends to bi-variate random processes. These theories
are extended for stochastic random processes, and subsequently simplified for stationary
and ergodic random processes. Bi-variate correlation along with its Fourier spectrum are
then analyzed in details. System identification in order to measure FRF’s of dynamic
models. Experimental implementation and statistical considerations for system
identification are then introduced and analyzed. Finaly, al the concepts are generalized
for realistic MDOF dynamic structures.

a) Knowledge and Under standing

1) Know the advanced structures of Aerospace vehicles

2) Know random processes

3) Understand basic probability theory concepts for random processes

4) Understand theoretical expectation

5) Know the moments of random processes

6) Understand stochastic random processes

7) Understand stationary and ergodic random processes and their importance

8) Understand correlation, both in time and frequency domains, and its importance

9) Understand the effect of noise on measurements

2. Intended Learning
Outcomes of Course

b) Intellectual Skills

10) Summarize and select the appropriate solution Methodol ogy

(ILOS):

11) Experimentally estimate probability parameters

12) Experimentally estimate the moments of random processes

13) Calculate the correlation

14) Experimentally estimate the moments of stationary and ergodic stochastic
processes

15) Experimentally estimate the FRF

16) Estimate the quality of the estimated FRF's

17) Estimate the FRF for MIMO systems

18) Estimate the quality of the estimated MIMO FRF's

¢) Professional and Practical Skills




19) Structural synthesize and/or design of a compl ete aerospace vehicle

20) Practice several experimental modal analysis techniques and skills

21) Gain serious programming and visualization skills using Matlab

d) General and Transferable Skills

22) Work in ateam

23) Write reports

24) Analyze results and reach conclusion

25) Understand the spectral density spectrum and extract useful information from it

26) Ability to design experiments in noisy environments

3. Contents
Topic Total hours | Lectureshours Tutorial/ Practical hours
Introduction 1 1
Random Processes 45 4 05
Stochastic Processes 4 1
Correlation and its Spectra 4
Statistical Estimation 45 4 0.5
Effect of measurement noise 2
Multi Input Multi Output Systems 2 2

Lectures (V) Era?acglr?or;r?l \/r)n ng/ Seminar/Workshop ()
4. Teaching and L earning M ethods Eil/)ass Activity Case Study (\/) Projects ()

E-learning ( ) Assignnzf/r;ts/Homework Other-

5. Student Assessment M ethods

e Assessment Schedule Week

-Assessment 1; Class Activity 2
-Assessment 2; Class Activity 3
-Assessment 3; Class Activity 4
-Assessment 4; Class Activity 5
-Assessment 5; Class Activity 7
-Assessment 6; Class Activity 8
-Assessment 7; Midterm Exam 10
-Assessment 8; Class Activity 12
-Assessment 9; Final Exam 15
e Weighting of Assessments

-Mid-Term Examination 7
-Final-term Examination 70
-Class Activity 20
-Class Attendance 3
-Total 100
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7. Facilities Required for Teaching and Learning

Projector, white board, Modal analysis laboratory (Signal analyzer, multichannel dynamic data acquisition, vibration
sensors (accelerometers), force transducers, programmable function generators, shakers, impact hummer, test structure,
data acquisition/analysis software, experimental modal analysis software)
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