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Introduction
The first double box cooker was designed in the Spring of 2012 by the Solar Ovens group at Cornell University.  The cooker was a response to the women group in Nicaragua’s request for a light, portable oven that could be easily constructed using methods and materials found in Nicaragua and easily transported.  This design strayed from the norm by implementing a light aluminum angle frame in lieu of a heavy wooden frame and making a design that would allow for the two separate halves of the oven (inner box and outer box) to be worked on simultaneously to save time.  The independent boxes of the cooker could be disassembled and reassembled easily.  Once the first design was taken to Nicaragua, some of the major design flaws of the prototype surfaced, of which included a wall that was too high, which caused shadows to be cast on the cooking area, a cooking area that was too small, which didn’t allow enough sunlight to enter the oven, and a door that was too small for the oven, which, also, cast a shadow over the cooking area.  To remedy these issues, we redesigned the oven to have a larger cooking area, a shorter wall height, and a door that actually fits on the oven.
Problem Definition and Goals
Last spring the first prototype of the double box oven was completed. Though the oven successfully proved to be lighter and more portable than previous solar cookers, issues primarily associated with the dimensions of the oven swiftly became apparent. Upon implementation and testing of the oven in Nicaragua, it was discovered that the oven’s wall height was too high. Consequently the oven cast a detrimental shadow upon the cooking area. Additionally, the area available for cooking was clearly too small, as the space did not allow for sufficient incident energy, nor the ability to comfortably fit two average sized pots within the cooker. Finally, the efficacy of the oven also suffered from the application of an undersized door, which similarly threw shadows upon the cooking area. Recognizing these flaws, it became our primary purpose for the 2012 Fall semester team to redesign the double box oven so as to amend the apparent dimensional issues.

In redesigning the oven, our goal was to maintain the light, portable nature of the first prototype by primarily utilizing the same materials, while changing the dimensions of the oven to amend the issues associated with shadows and incident light. To address the dimensional issues, we sought to design a shorter oven with an increased cooking area. Additionally, our intended plan was to maintain the structural design of the door, while merely adjusting its size to prevent casting shadows. Considering these alterations to design, it was our aim to fully construct a new double box prototype and to test the oven by the end of the semester.

Reflection on Project Goals

Spring 2012
Last semester, the goal was to design and fabricate a small and light cooker that would be easily transportable up mountains.  The design was very simplistic in that it didn’t require much wood and once two boxes (the outer and inner) were made, could be fabricated quickly.  The goals were achieved in the spring of 2012 and the oven was taken to Nicaragua for testing and to gain feedback from the women’s group.
Fall 2012
Our semester goal was to redesign the double box cooker to implement the changes that were noted after the Nicaragua trip in the spring of 2012.  The overall goal was the make the oven larger and use materials that are available in Nicaragua.  The general method of fabrication was the same as in the spring of 2012, where we used the aluminum angles to create a frame rather than use wood as is done in a traditional solar cooker.  In this semester we managed to almost complete the redesigned oven.  We managed to make everything except for the door, which shouldn’t take much more time in the spring of 2013.
Cost

Estimated cost:

	
	Materials List
	Costs

	Oven Frame
	Aluminum Angles
	~$30.00

	Glass
	Reynolds Bags
	~$5.00

	Door
	Wood
	~$32.00

	Glass Holder
	Wood
	~$32.00

	Insulation
	Fiberglass Batting
	~$3.00

	Metal Sides
	Sheet Metal
	~$40.00

	Metal Bottom
	Sheet Metal
	~$30.00

	Interior Case
	Aluminum Sheet
	~$16.00

	Bottom Metal Plate
	Sheet Metal
	~$25.00

	Total
	
	~$213.00


The costs above are estimates for buying the materials in the United States from various online retailers.  These are gross overestimates as actual prices from local vendors would most likely be much less than from worldwide vendors.
Actual Cost:
	
	Materials List
	Costs

	Oven Frame
	Aluminum Angles
	$12.00

	Glass
	Reynolds Bags
	$2.00

	Door
	Wood
	$2.00

	Glass Holder
	Wood
	$2.00

	Insulation
	Fiberglass Batting
	$10.00

	Metal Sides
	Sheet Metal
	$13.00

	Metal Bottom
	Sheet Metal
	$10.00

	Interior Case
	Aluminum Sheet
	$12.00

	Bottom Metal Plate
	Sheet Metal
	$10.00

	Total
	
	$73.00


The final cost of our oven was much less than our estimated cost.  The final cost satisfied our goal of creating an affordable oven.
Schedule
Here was our proposed schedule:
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Here was our actual schedule:
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The proposed and actual schedules differed for several reasons.

In the project proposal, we mentioned that we were only making size changes to the first double box prototype and thus assumed that it wouldn’t take very long to construct the second double box prototype.  What we failed to foresee was that having new members in the solar ovens group required some time to get acclimated to the laboratory space as well as learn to safely use the tools and machines available to us.  This caused the construction phase to last for much longer than we had anticipated.  This also seems to be a normal trend (the fall semester oven taking much longer to design and construct than the spring semester oven) most likely due to the fact that in the spring, most of the members in solar ovens have already been in solar ovens in the fall and are accustomed to the work space and time constraints.  All that is left to do on the second double box prototype is to make a door and attach a Reynolds cooking bag.
Construction Process Notes

We had trouble producing angles that were at 90 degrees. If the angles are not precise, the frame will be skewed. Therefore, when cutting the aluminum for the angles, use the vertical saw as opposed to sheers, for the process is considerably more precise.
When measuring out the lengths of aluminum angle, we need to take into the account the thickness of the aluminum angles themselves.  This caused some difficulties and some warping of the sheet metal since some of it had to be forced in.

Initially we had the machine screws orientated upward through the base of the inner box. These machine screws would have interfered with pots or pans resting on the surface, so we had to reverse their orientation. So as to save time, avoid orienting screws or other parts in ways that will interfere with the cooking process.
In constructing and setting the walls of the inner box into place, precision in measurements and drilling is key. If the aluminum sides must be forced to accommodate the machine screws, they will bend. When a side bends, it produces gaps through which insolated air can escape. Avoid forcing the sides to fit a hole by securing a properly dimensioned side exactly where you want it and drilling.  Tolerances are critical.
Properly fitting the wood top for covering the insulation is tricky. To ensure that measurements are correct, finish both the inner and outer boxes before measuring the necessary lengths and widths of each piece of the wooden top. Do so by placing the inner box where you want it, inside the outer box and measuring. If you do not, the wooden top likely will not fit.

We first tried to drill through the aluminum sheet while it was held in a vice. This bent the aluminum sheet slightly. The easiest way to prevent the bending of the aluminum sheet is to place a scrap wooden block behind the aluminum and drill through the aluminum into the wood. This will evenly support the aluminum as you drill and prevent bending.
Future Improvements and Additional Considerations
Upon considering the future improvements we understand that accumulating and retaining heat is of upmost importance. This being said we would like to test our oven and try to find ways to better our construction process to reduce the heat lost. It is evident that in our box there are gaps between the walls and the frame, we would like to analyze possible ways to close these gaps. We also discussed possibly adding a reflecting mirror or group of mirrors to the top which would be angled to obtain maximum sunlight obtained within the box. These mirrors should  be light and foldable and become part of the top to maintain the box’s portability. We would also like to test our box to make sure the dimensions that we chose to use are suitable for this box.
We  ran into some issues during construction. In the future building of this box it might be helpful to take a few things into consideration. It is extremely difficult to get everything perfectly cut and aligned when working with metal, so one must understand that your original plan is susceptible to change. This being said when drilling holes do one at a time and enter the screw before moving on to the next holes. This will help you avoid mistakes and will allow for better alignment. The next thing we had trouble with was the bending of the angles to make the frame. We began by using scissors to cut the aluminum but this was fairly difficult to get a good cut. We advise to use the band saw [why not the big shear?] and cutting the metal at a little larger than a 90 degree angle.

Conclusion and Reflections
We worked well as a team.  Three of the four of our team members were new to the solar oven project.  However, with the help of our professor Tim Bond, we were quickly able to acquaint ourselves with the shop and the goals of the solar oven venture.  Our team goal was to design and construct a light double box oven with a large cooking surface area.  We based our design on the previous double box oven constructed in the Spring of 2012.  The new box design addresses issues, such as, shadows casted within the oven, encountered by last year’s double box team.  We were able to learn from their mistakes and produce an oven which we hope will solve previously encountered complications.  We still have yet to complete our double box oven.  The only remaining tasks are to make a door, attach a Reynolds cooking bag to the door and fit the door to our oven.
Next semester, after fitting the door to the oven, we plan to test the oven and perhaps design and construct a reflecting mirror which can be angled in such a way to obtain maximum sunlight exposure within the box.  We will thoroughly test and address any issues associated with the dimensions of our box as well as the heat retention of our oven.  As mentioned, one of the major issues with the previously constructed double box oven was that the walls of the box were too high.  These walls would cast shadows within the box, minimizing the sunlight exposure within the oven, in turn, making it challenging to cook with the oven. We hope that with the new dimensions of our box we can reduce or better yet eliminate the shadow casting within our oven.  Additionally, we plan to test the heat retention of our oven. The purpose of the double box design is to increase heat retention. It would be interesting to compare the heat retention of a classic solar oven and our double box oven.  After testing, we may consider designing and constructing a new double box oven that addresses any issues we encounter. 

Although we did not finish our double box oven and test it, as originally proposed, we completed a great deal of the project.  We have learned not only about solar ovens but how to work together as a team, address and propose solutions to previously encountered issues, implement these solutions in our designs and use shop tools to bring our designs from paper to reality. 
Construction Manual

Table 1: Sheet Metal

	Part Name
	Material
	Quantity
	Size (inches)

	Outer Box Side Panel
	26 Gauge Steel Sheet Metal
	4
	24 x 8.5

	Outer Box Bottom Panel
	26 Gauge Steel Sheet Metal
	1
	24 x 24

	Inner Box Side Panel
	Aluminum Sheet Metal
	4
	20 x 6.5

	Inner Box Bottom Panel
	Aluminum Sheet Metal
	1
	20 x 20


Table 2: Wood

	Part Name
	Material
	Quantity
	Size (inches)

	Base Blocks
	Wood
	5
	2 x 1.5 x 1.5

	Top Cover
	Wood
	2
	2 x 24 x 1.5

	Top Cover
	Wood
	2
	2 x 20 x 1.5

	Door
	Wood
	2
	2 x 24 x 1.5

	Door
	Wood
	2
	2 x 20 x 1.5


Table 3: Framework and Miscellaneous
	Part Name
	Material
	Quantity
	Size (inches)

	Door Hinges
	
	2
	3.5

	Aluminum Angles
	Aluminum
	4
	6.5

	Aluminum Angles
	Aluminum
	4
	8.5

	Aluminum Angles
	Aluminum
	2
	20 x 20 x 2 = 42

	Aluminum Angles
	Aluminum
	2
	24 x 24 x 2 = 50


Cut All Metal Sheets
Cut all of the necessary metal sheets as specified in table 1. Some diagrams of the sheet metal can be found below. 

Inner Box Panels
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Inner Box Bottom Panel (20 inches square)
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Inner Box Side Panel (6.5 inches by 20 inches)
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Outer Box Panels

Not Pictured: Outer Box Bottom Panel (24 inches square)
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Outer Box Side Panel (8.5 inches by 24 inches)
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Vertical Aluminum Angles
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Wooden Base Blocks
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Aluminum Angle Assembly

NOTES: When cutting sheet metal, take into account the thickness of the aluminum angles

1. Take the 50 inch length of aluminum angle and mark 2, 24, and 24 inch long portions.  Using a machinist’ssquare, make a 90 degree angle at the 2 and 24 inch markings.

2. Using a vertical band saw (or a hack saw) cut on the outside of the line such that the final angle is greater than 90 degrees.  There should be 2 of these cuts at the 2 and 24 inch marks.  File the cuts down so that they are smooth.
3. Repeat steps 1 and 2 for the other 50 inch length of aluminum angle.

4. Now take the 42 inch length of aluminum angle and mark the 2, 20, and 20 inch long portions.  Using a tri-square, make a 90 degree angle at the 2 and 20 inch markings.

5. Using a vertical band saw (or a hack saw) cut on the outside of the line such that the final angle is greater than 90 degrees.  There should be 2 of these cuts at the 2 and 20 inch marks.  File the cuts down so that they are smooth.

6. Repeat steps 4 and 5 for the other 42 inch length of aluminum angle.

Bending Angles

1. Take a block of wood and align the corner with the center of the 90 degree cut.
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2. Using your hands, grasp the angle firmly and bend it around the corner of the wood.
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3. Using a hammer, lightly tap the angle close to the corner (locations indicated by arrows) of the wooden block, so that the aluminum angle corner conforms to the wooden block.  This will make sure the angle is bent exactly 90 degrees.  Take care to not bend the corner too tightly, which will fracture the metal at the bend.
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Assembling the Frame

1. Take the 50 inch long angles that have been bend and for a rectangle that is 24” x 24”.  The outer box bottom plate should be able to fit into this frame.  Remember to take into account the thickness of the aluminum angles when cutting sheet metal.

2. Clamp the two angle pieces together after they form a rectangle.  Drill a hole through the overlapping pieces of angle on each side of the rectangle and bolt the frame together.  Make sure the hole is at least an inch from the corner, as we will need to bolt the vertical angles later.

3. Now place the side wall panel so that it is against the inner side of the bottom frame.  Drill a hole through the wall where the wall meets the hole near the corner.  Now drill three holes through the wall and angle, and then bolt the wall into place.

4. Repeat step 3 for the rest of the walls.

5. Align the 8.5 inch vertical aluminum angle with the corner of the outer box.  Drill a hole at the bottom and bolt into place.  Now drill a hole at the middle.  Bolt all the new holes that have been drilled.

6. Repeat step 5 with the rest of the vertical aluminum angles.

7. Assemble the inner box frame using steps 1 to 6 using the inner box angle components and inner box walls.

Wood and Insulation
1. Cut the base blocks and top cover pieces with dimensions as indicated in table 2.
2. Attach 1.5 x 1.5 x 2 wooden blocks to the outer bottom panel using wood screws in the following arrangement.
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3. Attach the top cover pieces of wood to the inner box using wood screws, the final result of this step is shown below
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4. Fill the outside box with fiberglass batting as insulation as shown in the picture below
[image: image20.jpg]



5. Side the inner box into the outer box carefully (making sure that the fiberglass batting stays where it should) and using a drill and wood screws, attach the outer box to the wooden top cover.
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Door

1. Using the same dimensions as the top cover, attach the four pieces of wood to create a frame for the door

2. Instead of the glazing frame, as indicated in the construction update after Nicaragua 2012, attach the cooking bag directly to the wooden door using staples

3. Using hinges, attach the door to the oven
6

