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Is the VRTEX 360 helping to reduce our carbon footprint?
Introduction/Problem Statement
Agricultural mechanics coursework is considered an important construct of the secondary agricultural education curriculum (Burris, Robinson, & Terry, 2005). With the expectations of offering secondary agricultural mechanics coursework apparent, it is vital that agricultural education teachers be prepared to offer such courses. Recent evidence (Burris, McLaughlin, McCulloch, Brashears, & Fraze, 2010) indicates many agricultural education teachers (particularly early-career teachers) feel less comfortable teaching agricultural mechanics than other agricultural content areas. Clark (2011) recommended using the Lincoln Electric VRTEX 360 Virtual Reality Welder as a tool to help better prepare pre-service teachers to teach the welding component.
One of the major problems that post-secondary agricultural education programs face is the reduction in budgets. The addition of a VRTEX 360 into the welding component of the agricultural mechanics course(s) offered for pre-service teachers can appear to be excessive ($54,900; Clark, 2011). However, Byrd & Anderson (2012) recommended that if the VRTEX 360 increased the learning curve of beginning welders then the amount of consumables used such as metal, electrodes, gases, and electricity reduced offsetting the cost of the virtual welder. They also indicated that the use of the VRTEX 360 could help reduce the carbon footprint left by traditional welding process. The purpose of this study was to determine the financial impact on consumables saved by the implementation of the VRTEX 360 in a pre-service agricultural education program.  
Methodology
The VRTEX 360 was used over a two year period of time, during the first year the VRTEX 360 was used in one class specifically designed for agricultural education majors, the class used the VRTEX 360 during a two week period in which the SMAW and GMAW processes were being taught. A second agricultural mechanics class was created at the beginning of the second year, that class utilized the VRTEX 360 over a four week period. In total the VRTEX 360 was used 16 out of the past 104 weeks. The researchers collected the data that was stored in the WeldometerTM instructor tool file that is built into the virtual welding simulator. The researchers then collected the retail prices for metal, consumables, gas, etc. from local welding retailers. The researchers then utilized the Lincoln Electric Return on Investment Calculator to determine the amount of money saved on welding coupons, consumables, gas and energy.  The researchers also calculated the Return on Investment independently to cross check the calculations for accuracy. 
Results/Findings
The students practiced both Gas Metal Arc Welding and Shielded Metal Arc Welding processes on the VRTEX 360. The data on the Weldometer indicated two hours and eleven minutes of actual run time had been completed using the SMAW process, and five hours and fifty-four minutes of run time had been recorded during the GMAW process. Please note that run time is classified as the time in which the welder is actually welding, not the total hours the machine was on.  As a result of their practice they virtually “used” 222 pounds of welding rods which would have a retail cost of $751.84. The students also used 48.5 pounds of welding wire which would have a retail cost of $172.90. A total of $924.74 was saved on welding wire and rod, for a breakdown of consumables used and cost see Table 1. Please note that this does not include any potential welding tips, gas nozzles, or liners that might have been damaged during the initial development of psychomotor skills used in the welding process or labor costs for repairs. 

Table 1
Potential Consumable Savings
	Consumable Used
	Cost Per Pound
	Pounds Used
	Total Cost

	1/8” E6010 SMAW
	$3.54
	94
	$332.76

	1/8” E6013 SMAW
	$3.26
	83
	$270.58

	1/8” E7018 SMAW
	$3.30
	45
	$148.50

	0.045” ER70S-6 GMAW
	$3.54
	41.4
	$146.56

	0.035” ER70S-6 GMAW
	$3.71
	7.1
	$26.34



The amount of shielding gas that was virtually used during the Gas Metal Arc welding process was 174.9 Cubic Feet for a total cost savings of $48.15 as outlined in Table 2. This does not account for the cost of tank storage, delivery fees, etc. 
 
Table 2
Potential Gas Savings
	Gases Used
	Cost Per Cubic Feet
	Gases Used (CF)
	Total Cost

	90% Argon, 10% CO2
	$88 per bottle
	126
	$36.96

	75% Argon, 25% CO2
	$70 per bottle
	48
	$10.92

	100% CO2
	$90 per bottle
	0.9
	$0.27


*Note 300 Cubic Feet of gas per bottle

The students virtually welded on one thousand, two hundred and seventy-three welding coupons. The total retail cost savings for virtual steel was $962.98. Please note that the data provided in Table three does not reflect any cost saving on labor or equipment wear and tear that would normally occur during metal processing.
 
Table 3
Potential Steel Savings
	Base Material Used
	Cost Per Coupon
	Number of Coupons Used
	Total Cost

	3/8” Plate
	$0.84
	938
	$787.92

	¼” Plate
	$0.56
	278
	$155.68

	10 Gauge Plate
	$0.34
	57
	$19.38



Conclusions/ Recommendations
The VRTEX 360 used in this study saved 270.5 pounds of wire/rod and 1,273 welding coupons from being consumed and roughly 175 cubic feet of shielding gas from entering the atmosphere. However, the estimated total savings for the VRTEX 360 was just under $2000, which clearly does not offset the cost of the VRTEX 360 ($54,900). The primary benefit of the VRTEX 360 is the impact on psychomotor skill development. The cost savings and reduced carbon footprint are secondary benefits in this case. Other institutions and industry might find different results based on run time. Institutions considering investing in a VTREX 360 should purchase the mobile unit where run time of the machine can be maximized by loaning the machine to secondary schools.  
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