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Discovering What Lies Beneath: Utilizing Ultrasonic Testing for the Evaluation of Welds in Secondary Schools
Introduction
	The key to humanity’s challenges lie within science, engineering, and technology since it permeates most facets of life (National Research Council, 2012). The understanding of science and technology is essential more now than ever.  With this change of focus has been followed by calls for improvements in k-12 schools to maintain global competiveness within Science, Technology, Engineering and Mathematics (STEM) (Carnevale, Smith, & Melton, 2011; Chumbley, Haynes, & Stofer, 2015). However, STEM education still needs improvement to continue to strive for this goal (National Research Council, 2012).  
	STEM education and agricultural education have similar philosophical underpinnings (Stubbs & Myers, 2015).  The similarities include connecting content knowledge, STEM knowledge, real-world issues, problem solving skills, and including hands-on activities (Ejiwale, 2012; Stubbs & Myers, 2015).  Since the conception of STEM education research on science and mathematics integration has been prevalent with less research focusing on the integration of technology (Coppola & Mayln-Smith, 2006; Stubbs & Myers, 2015).  However, technology integration presents an opportunity to providing alternative and innovative approaches to teaching learning, which can allow students to meet higher standards and perform at higher levels (Kotrlik, Redmann, & Douglas, 2003).
	One critical component agricultural education that has been a vehicle to integrate STEM education is agricultural mechanics (Pate, Warnick, & Meyers, 2012).  Agricultural mechanics holds the ability to teach technical hands-on applications along with integrating science, new technologies, engineering, and mathematics as industry changes (Pate, Warnkick, & Meyers, 2015).   Within agricultural mechanics there are a plethora of topics areas that could be taught such as small engines, electricity, plumbing, carpentry, and welding to name a few.  Numerous studies have been conducted regarding agricultural education teachers and their professional development needs in agricultural mechanics (Byrd, Anderson, Paulsen, & Shultz, 2015; Lester, 2012; McKim, Saucier, & Reynolds, 2010; Peake, Duncan, Rickets, 2007; Saucier & McKim, 2010). One area these studies have found that a majority of agricultural educators teach is metal fabrication and welding.  
	Welding in a traditional agricultural education are based on American Welding Society (AWS) standards, which is one of the industries well known authorities (AWS, 2015).  According to AWS (2015) besides becoming a welder, individuals came learn to be a welding engineer, welding supervisor, welding inspector, or welding educator to name a few.  One commonality between these positions is that each has to know how to inspect a weld (AWS, 2015).  This is an area that can be difficult to teach and learn, but with today’s technologies welds can be inspected in a non-destructive way by using ultrasonic testing (Bowditch, Bowditch, & Bowditch, 2010).  Ultrasonic inspection devices are very portable and easy to use, so could the incorporation of ultrasonic inspection increase student achievement in this area?

How it works/Methodology
	An ultrasonic testing device, such as the EPOCH 650 UT flaw detector, uses high frequency (100 KHz – 25 MHz+) sound waves to identify internal flaws in a solid material (Marks, 2015).  The time it takes for the sound waves to hit the front surface, any flaw, and back surface of a test object and reflect back in the form of an echo to the unit is used to identify flaws and gauge thickness (Marks, 2015).  Most ultrasonic devices utilize a piezoelectric crystal to create the sound waves.  The sound waves are generated by applying a voltage to the piezoelectric crystal which make the crystal distort, and once voltage is taken away the crystal vibrates (Marks, 2015).  Once the echo returns and hits the crystal, the crystal changes the vibrations into voltage which is recorded by the machine (Marks, 2015).  The amplitude of the echo and depth to the echo will help identify any internal flaws that might be present in a test object.  This instrument will help prepare students interested in the welding profession for industry requirements in relation to weld inspection and expose them to the science used to do it.
Implications
	The utilization of ultrasonic testing of welds can help educators teach students to properly inspect welds through non-destructive means.  Please note that we recommend this as a teaching aid and inspection tool for weld integrity, but it requires a certified technician to interpret the data.  This technology may also attract non-traditional students to try welding and explore the associate careers tied to the industry. Cradler, McNabb, Freeman, and Burchett (2002) posited that the integration of technology can lead to critical thinking skills, higher skill achievement, and preparation for today’s workforce. 
Future Plans
[bookmark: _GoBack]Ultrasonic testing is currently being used in a select number of schools through the Cost-effective RollOver Protective Structure (CROPS) curriculum research study coordinated by the University of Kentucky designed to investigate the structural integrity of farm safety equipment that secondary agriculture students are constructing.  The CROPS project helps secondary agricultural education programs build a CROPS project that is fabricated and built from steel.  These CROPS projects are inspected before being installed on tractor within the school’s community.  Utilizing a certified ultrasonic testing technician, CROPS projects produced are inspected for weld quality and integrity.  The technician also explains the process of how ultrasonic testing works and how to interpret the displayed data.
Cost/Resources Needed
	The largest expense is the purchasing of an ultrasonic testing device.  The one used for the upcoming project costs approximately $6,000.  There are different levels of ultrasonic testing devices that are cheaper.  Two training courses may be required which cost a total of $1600. The other expense is the purchase of couplant, a gel like medium to help transfer sound waves into the test object much like that used when doctors conduct ultrasounds.  The costs varies based on the properties of couplant but can be as cheap as $14.00.  Depending on the type of inspection you are wanting to conduct the purchasing of transducer blocks may be necessary.  The total budget needed to start would be approximately $7,600.00.
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