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Prerequisite Knowledge: 
· Basic principles of fatigue crack growth testing and analysis

· Familiarity with modal analysis and Finite Element Analysis (FEA) software

· Work with standard Windows® user interface applications 
· Fatigue testing load frame, video monitoring equipment, and basics of statistical analysis of test data.
Objectives:
Application of impact acoustic spectroscopy and modal analysis methods for crack length evaluation. 
Equipment and Materials:
· Plate Specimens – 1018 Steel  (25x150x6 mm)
· Fatigue Load Frame – MTS TestStar IIs
· Video Monitoring Camera and Monitor - Javelin Electronics

· Digital Video Caliper – Techi-Quip Corp. 

· Personal Computer with Soundcard – DELL Computers
· Microphone – Jensen, 20 Hz to 16,000 Hz frequency range
-     Software for Fast Fourier Transformation – Impulse Resonance Acoustic Spectroscope - custom made software
-
Impact Hammer and Special Setup for Free Vibration Test – custom made
-
Finite Element Analysis software – ANSYS 8.1 [1]
Procedure:

1. Prior to loading the specimen (Figure 1) the first three flexural natural frequencies are acquired by acoustic spectroscopy IRAS method [2]. These reference values are used for comparison with subsequent measurements throughout the crack growth.
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The acoustic experiment setup is shown in Figure 2. The specimen is supported by two horizontal and parallel pre-tensioned strings (shown as springs in Fig.2) in order to achieve free vibration conditions. The impact is produced by a hammer. A microphone is connected to the sound card of a computer and by using Impact Resonance Acoustic Spectroscopy software the time response of the plate is captured and analyzed by FFT to acquire the frequency domain of the signal.
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2. Install the specimen in the Fatigue Load Frame and mount an extensometer against the notch of the specimen (Figure 3). This setup allows us to detect the crack initiation by monitoring the local stiffness in the vicinity of the notch.
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3. Put the video camera in a position for crack length measurement and calibrate the digital video caliper.  The magnification of the notched area allows measurements to be made within 0.01 mm accuracy.
4. Apply cycling tensional loading of Fmin = 500 N and Fmax = 22,000 N at 20 Hz. 

5. Record (Table 1) the acoustic response of the specimen at approximately every 0.5 mm to 1 mm crack growth increment after the crack initiation. 
6. Develop the plots: Natural Frequency vs. Crack Length, and % Natural Frequency Shift vs. Crack Length.
7. Import the 3D model of the specimen in the FEA environment and conduct mode frequency analysis for crack lengths with 0.5 mm increment up to 25% of the width of the plate. The resultant first three flexural natural frequencies are acquired for each crack length.
8. Place analytical results on the plots developed at item 6 for the experimental results.  Compare the results and tabulate relative differences.
Results:
The experiment and FEA results are given in Figures 4-10 and Table 1.
Mode Shapes: The first there flexural mode shapes for the particular geometry were analytically acquired by FEA analysis in ANSYS. (Figures 4, 5, 6)
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	ME ………..
Name…………………………………
	Date………

	Load, N
	Cycles
	Crack, mm
	Natural Frequency, Hz
	Notes

	Min 
	Max
	
	Side 1
	Side 2
	I
	II
	III
	

	-
	-
	0
	0.30
	0.30
	1373.41
	3799.94
	7322.63
	

	500
	22,000
	20K 
	0.70
	0.30
	1372.07
	3797.92
	7315.23
	

	500
	22,000
	27.6K
	0.80
	0.70
	1370.05
	3797.92
	7306.48
	

	500
	22,000
	35.2K
	1.35
	1.26
	1366.69
	3796.57
	7292.35
	

	500
	22,000
	41.7K
	2.13
	2.00
	1360.63
	3794.55
	7271.49
	

	500
	22,000
	47.2K
	2.80
	2.70
	1355.25
	3792.54
	7250.63
	

	500
	22,000
	52.7K
	3.70
	3.70
	1345.15
	3787.15
	7211.6
	

	500
	22,000
	58.1K
	4.75
	4.75
	1333.71
	3782.44
	7167.86
	

	500
	22,000
	60.78K
	5.95
	5.70
	1321.60
	3774.37
	7125.47
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Table 1. Experimental Data
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Figure 1. Specimen Geometry
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Figure 2. Acoustic Spectroscopy Test Setup





Figure 3. Extensometer Setup





Figure 6. Mode Shape 3





Figure 5. Mode Shape 2





Figure 4. Mode Shape 1








Figure 9. Natural Frequency vs. Crack Length for Mode 3





Figure 8. Natural Frequency vs. Crack Length for Mode 2





Figure 7. Natural Frequency vs. Crack Length for Mode 1





Figure 10. Frequency shift vs. crack length      	     from acoustical tests and FEA
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