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[bookmark: _Toc90896651]Introduction
This lab experiment was to use a Polytec laser doppler vibrometer (LDV) to examine the different vibrational modes of an automotive brake disc. During the lab student learned how to use the Polytec PSV-400 a two-dimensional full field scanner to examine the vibrational properties of the brake rotor. The prpose was to give student an experience using non destructive testing equipment relevant to the course they were enrolled in, and did just theat. Vibrometry is an extremely useful tool when designing new components to ensure they do not fail prematurely and operate correctly when subject to vibration. 
[bookmark: _Toc90896652]Literature Review
Modern automotive and motorsport applications are able to use vibrometry in the development of new parts to increase performance, durability, and loose weight. Applications like tires, aerodynamics and NVH (Noise, Vibration and Harshness) all have a use for vibrometry. Tool like polytecs line of LDV’s allow companies to analyze and assess the design, application, and performance of critical components. NVH is a major sector that requires the use of vibrometry. Vehicle manufactures are incredibly interested in how the vibrations and noise in a vehicle are interpereted by the driver and passenger in a vehicle. Automotive manufactures can use LDV’s just like the one used in this lab to analyze how an engine vibrates under running conditions, and use the results to better isolate the vibration so it is not felt by the people in the cabin of the vehicle.
Equipment
The LDV use was a Polytec PSV-4oo scanning vibrometer. This LDV is a “full field” vibrometer meaning it can scan a whole surface rather than a single point on a component This makes it ideal for look at the different vibrational modes over a component. The system was comprised of a scanning head and a cart ful of data acquisition and processing equipment. The PSV-400 is a 2D scanning system.
Procedure
Setup
The setup for this experiment was straight forward. The brake disc was clamped in a vice which was set on a bench top. This setup was not ideal because clamping the brake disc on one side essentially restrained that part of the disc making it not vibrate how it is truly supposed to. The component need tapped to initiate the vibration. To do this a solenoid was used, the solenoid had a hard plastic tip on it to not damage the component because any damage to the component would cause inaccurate results. The solenoid was placed just behind the brake rotor closed enough to tap it but not too close as to not let the solenoid move far enough. The solenoid needed to be supported by a ruler and taped down because it kept moving each time it was activated. The scanning head was on a tripod and aimed at the rotor. The scanning head was also aimed away from people as the laser could potentially injure someone’s eyes. The scanning head was positioned as perpendicular to the component as possible. Having the scanning head or component at an angle would make the surface area available for the scan less than desired and display the vibrational modes incorrectly since the scanning system only workd in a 2D field. The scanning head was positioned approximately 1 meter away from the brake rotor.

Scanning Process
1. The first step to the scanning process was to make sure the setting of the scanning equipment were set to the default values that were provided with the lab instructions.
2. The next set was to auto focus the laser, this was more accurate and quicker than manually focusing the laser.
3. The third step was to perform a 2D alignment with the machine. This involved using the camera in the scanning head to select several points on the object that needs to be scanned in the field of view. This gives the machine a point of reference for when it comes time to do a scan. 
4. Selecting scan points was the next step in the process, once the 2d aingment was done and the machine had a point of reference the scan points could be selected. The scanning software had several options for positioning scan points. There were multiple auto place options that would produce different geometric shapes and place points within that shape, an arbitrary density value could be changed to determine the number of scanning points withing the scan area. This was useful in reducing the number of scan points and ultimately the time the part took to scan because of time constraints.
5. The next step and maybe the most important was to double check the contact the solenoid was making with the brake disc. The contact could not be too faint or too hard because the rotor would either vibrate too little of too much respectively. The solenoid also tended to move because the base of the solenoid was cracked and broken so the solenoid would not support itself. Skipping this step would result in bad data and warrant a restart of the scanning process. With the scan taking around 15 minutes to complete, restarting the scan because the solenoid moved was not an option.
6. Performing the actual scan was the next step. The Polytec PSV-400 system would automatically scan all of the point that were created in the previous steps. The points were scanned one by one, and the software would come 
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