ULTRA  SON: Software Control and Analysis System for Precision Ultrasonic Measurements of Materials





Developers: Dr. Don J. Roth (NASA Lewis Research Center) and Prof. Wei Cao (West Virginia University). The developers gratefully acknowledge the assistance of Kevin Furrow of Sonix, Inc.




















REQUIREMENTS:





- Sonix, Inc. STR*81g 1 GHz A/D PC card residing inside PC (586/133 MHz minimum recommended) with Windows 95/NT4.0 or >.


- Known Base Port and Memory Map settings for STR*81g PC card (see Sonix STR*81g User Manual).  (NASA successfully uses base port = 250 and memory map = CC00; appropriate jumpers need to be configured on the card).


- Vstr81g.vxd (installed in '\Win95\System' directory) and Str81g.dll (installed in '\Win95' directory) available free from Sonix with purchase   of STR*81g PC card (Contact Kevin Furrow at Sonix (ph:703-440-0222) for installation directions for these files for Windows NT).


- 1024 x 768 video resolution + 20" monitor recommended (GUI programmed for this resolution and monitor size).





DIRECTIONS TO GET IT: logon on to ftp.lerc.nasa.gov with anonymous login username and your email address as the password.  Go to /anyone/roth.  It will be here and I will email you the current name.








TO RUN: Double-click on .exe with mouse or press return button on highlighted .exe in Windows Explore.








GENERAL DESCRIPTION:





This program is to be used to perform precision ultrasonic contact scan measurements for NASA Lewis Research Center Life Prediction Personnel and others interested in performing such measurements. These types of measurements yield ultrasonic velocity, attenuation coefficient, and reflection coefficient values which are useful in characterizing material microstructure and predicting physical performance.  Additionally, this program calculates and displays magnitude, phase, and power spectra as well as peak frequencies, -6 dB bandwidth, and several other parameters associated with the time domain echoes including slew rate,  risetime, falltime, overshoot, and time pulse width.  In this program, ultrasonic properties are calculated based on the magnitude (as opposed to the power) frequency-domain spectra.  Background for contact measurements and ultrasonic properties can be obtained by reading ref. 1, although the procedure in this pc-based system requires acquisition of a three-echo wavetrain (instead of acquisition of one echo at a time).The VI is divided into several components which should be executed in order according to the buttons shown on the interface screen.  Clicking on each of the buttons F2 - F6 from the main interface screen results in a separate window / screen popping up either for input or display, or both. One can also use the function keys associated with the buttons instead of using the mouse. Activating button F1 allows the user to set up the hardware.   Activating button F2 shows the raw time-domain wavetrain in terms of voltage vs. time and requires the user to input the times that waveforms FS, B1 and B2 begin and end, the voltage sensitivity level for the display, and the voltage offset control to allow correct calculation of frequency-based properties.   Here, the user can input the type of signal processing window for the time domain signal that they would like (ref. 2).  Activating button F3 allows the user to input header information in preparation for making the measurements.  Activating buttons F4 and F5 shows the display of all properties associated with the individual echoes.  Activating this option will allow the user to see the individual time domain waveforms and the fast fourier transform frequency domain analyses of them. Activating button F6 shows the ultrasonic properties vs. frequency displays (phase and cross-correlation velocity, reflection coefficient, attenuation coefficient).    Activating buttion F7 shows a display of miscellaneous output values that the user might be interested to see before saving the file.  Activating button F8 saves the header and all data to a spreadsheet file for off-line analysis and viewing.  NOTE THAT IT IS POSSIBLE TO CASCADE THE DIFFERENT SCREENS SHOWN BY 'RIGHT-CLICKING' ON THE WINDOWS 95 START BAR AND CLICKING ON 'CASCADE.'  HOWEVER IT IS ADVISABLE TO HAVE ONLY ONE SCREEN (OTHER THAN THE MAIN INTERFACE SCREEN) ACTIVATED AT ONE TIME BECAUSE THE DIFFERENT SCREENS COMPETE FOR PROCESSING TIME AND WILL FLICKER.  ALL SCREENS CAN BE CASCADED WHEN DEACTIVED.  THE USER WILL FIND THAT HE WILL NEED TO MOVE AND RESIZE THE DIFFERENT SCREENS AROUND DURING THE PROCESS OF EXECUTING THIS PROGRAM.  To move a screen, the window maximize button in the top right hand corner of the screen (next to the minimize button) must be in full-screen mode.
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MEASUREMENT PROCESS: To make valid contact measurements so as to obtain velocity, attenuation coefficient, and reflection coefficient, one needs to make measurements in a series of steps.








NOTE THAT IT IS POSSIBLE TO CASCADE THE DIFFERENT SCREENS SHOWN BY 'RIGHT-CLICKING' ON THE WINDOWS 95 START BAR AND CLICKING ON 'CASCADE.'  HOWEVER IT IS ADVISABLE TO HAVE ONLY ONE SCREEN (OTHER THAN THE MAIN INTERFACE SCREEN) ACTIVATED AT ONE TIME BECAUSE THE DIFFERENT SCREENS COMPETE FOR PROCESSING TIME AND WILL FLICKER.  ALL SCREENS CAN BE CASCADED WHEN DEACTIVED.  THE USER WILL FIND THAT HE WILL NEED TO MOVE AND RESIZE THE DIFFERENT SCREENS AROUND DURING THE PROCESS OF EXECUTING THIS PROGRAM.  To move a screen, the window maximize button in the top right hand corner of the screen (next to the minimize button) must be in full-screen mode.





ECHO DEFINITIONS:





FS1: front surface echo without the sample on the transducer


FS2:  front surface echo with the sample on the transducer


B1:  first back surface echo with the sample on the transducer


B2: second back surface echo with the sample on the transducer








STEPS:





1) Place the sample  in contact with the ultrasonic transducer.   An appropriate ultrasonic couplant is needed between the sample and the transducer face.   (should be a transducer with a delay line such as the V210 videoscan series manufactured by Panametrics).





2) When the VI is first opened, hit the RUN button (white arrow) on the BUTTON BAR.  





3) Hit button F1 by clicking on with mouse or pressing the F1 key on the keyboard on the top level interface screen to view the hardware set-up window and initial digital oscilloscope waveform display  so that an FS2, B1, and B2 echo wavetrain are apparent on the waveform display (digital oscilloscope) in the hardware set up window.   Baseline settings include 50 mV voltage level and 1 GHz a/d sampling rate.  Adjust the various controls to allow one to see the wavetrain of echoes, even if some of them are thresholded out due to the low voltage level.  ALL CONTROLS WHERE INPUT IS NEEDED ARE CODED YELLOW FOR ALL SCREENS. See the Sonix 81g User Manual for explanation of the controls in the hardware screen.  Hit the TAB key to toggle through all of the inputs / controls that you need to enter values, or click inside the appropriate control with the mouse.  Normally, the Base Port and Memory Map controls in this screen will have been set up ahead of time with default values so that the Sonix Str81g board is working properly.  1 GHz is the minimum recommended a/d sampling rate to obtain appropriate sampling of the wavetain.  One may need to experiment with the different controls in this window to obtain this wavetrain.  The data collection length and post-trigger delay should be set so that all three echoes of the FS2, B1, B2 wavetrain can be seen on the oscilloscope display in the hardware set-up window.  Try to use a post-trigger delay that positions the FS2 close to the left-most border of the waveform display and try to use a data collection length that is a short as possible to capture FS, B1, and B2. Deactivate this screen by clicking on 'done with hardware set-up' button in the top level interface screen.  The hardware set-up screen will not close but is not available for input in this deactivated state.





4) Hit button F2 to enter other necessary information on the header info / setup window.  Enter the information in the appropriate controls of this window.  The settings for the pulser-reciever are not controllable by this VI at present but should be input so they are recorded in the header.  When this is completed, deactivate this screen.





5) Hit button F3, or click on it with the mouse to see digital oscilloscope waveform displays in terms of voltage vs. time, one showing a single continuous shot of the wavetrain and the other showing a running average wavetrain display based on the number of averages the user desires (and enters in a control on this screen).  Waveform averaging increases signal to noise ratio which increases the precision of the attenuation coefficient measurement and likely makes all measurements of ultrasonic properties more accurate. In this window, you will set-up the time gates and voltage levels for each of B2, B1, FS2 and FS1 (in that order).  First, with the sample present on the transducer, the set-up for B2, B1, and FS2 (in that order) should be undertaken.  For each echo, 1) adjust the voltage level so that the echo is displayed on the voltage vs. time display (upper display) to the maximum extent possible without thresholding out (a characteristic of thresholding out is flat tops and bottoms on the waveform peaks) and 2) move the 'start' (and 'end' also for B2) bubble cursor in the average waveform display to 'time gate' the echo.  Also, in this window, enter the type of signal processing in the appropriate control if so desired.  In the lower right hand portion of this screen, the user can see the gated echo and the magnitude and phase vs. frequency spectras for that individual echo.  It requires a few seconds for these displays to stabilize themselves so do not move onto the next echo set-up without pausing to obtain stable displays for the latter plots. To switch to the next echo set-up, hit the down arrow on the echo control.  After echo set-up for FS2 has been completed, hit the down arrow on the echo control so that you are ready for FS1 echo set-up.





6) Remove the sample from the transducer and clean the transducer face of any couplant.  This will prepare the user for FS1 echo set-up.  No time set-up is required (the same time set-up as for FS2 is used).  Adjust the voltage level as was done for the B2, B1 and FS2 echoes. 





7) Hit button F4 which will show the user the time-and frequency-domain (magnitude and phase vs. frequency) for the FS1, FS2, B1 and B2 individual echoes.  One plot for each echo and property is shown. Use the graph cursors to obtain property values at specific times /  frequencies as needed.





8) Hit button F5 which will show the user the time-and frequency-domain (magnitude and phase vs. frequency) for the FS1, FS2, B1 and B2 echoes.  This screen compares the properties for the echoes on four different plots.  For example, the magnitude vs. frequency characteristic for echoes FS1, FS2, B1 and B2 are shown on a single plot.  Deactivate this screen if satisfied.





9) Hit button F6 to display phase velocity, cross-correlation velocity (non-phase inverted and phase-inverted), reflection coefficient, and attenuation coefficient.  The error in these properties is also displayed in various formats (except for reflection coefficient).  Use the graph cursors to obtain property values at specific times / frequencies as needed.  Deactivate this screen when satisfied.





10) Hit button F7 to view miscellaneous output information.  Deactivate this screen.





11) Hit button F8 to save all data to spreadsheet for further display and processing if so desired.  The format for this file can be seen by saving once and viewing the headers of the columns in the spreadsheet.  Hit the STOP button or press ESC to complete the measurement process, or hit the 'exit to system' button (F12) to exit the program completely and return to the windows operating system.


