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1. Introduction
Las Mujeres Solares de Sabana Grande have expressed interest in designing an affordable cooker that can be easily shipped to new locations as their business expands. Richard Komp PhD, Director of Skyheat Associates, described an instance in Peru when people who constructed ovens could not transport them to their homes due to the unwieldiness of carrying large, heavy ovens up a mountain on llamas. For these reasons, we pursued the construction of a cooker that was pre-fabricatable and last semester came up with our first prototype. The first prototype used piano hinges as the connecting elements for the inside and outside metal cases.  The hinges were pop riveted to the sheet metal sides and bottom of the interior and exterior cases. The two cases were supported on wooden frames.  Based on what we learned from the first prototype, were able to construct a second prototype this semester which was very different from the original. This semester we traveled to Nicaragua to present our two new designs to the Solar Center Women’s Collective, taking the two ovens to prove their transportability. The trip was a very good experience, allowing us to get valuable feedback on our two prototype designs and learn of new directions for oven innovation, as well as build two new ovens and a solar dryer.
The design goals for the second prototype were to build an oven that could easily be shipped, manufactured, and transported. The means of achieving this was to make the new cooker as light as possible and easy to put together. We had gained valuable experience while making the first prototype in the fall semester, and now had  several new ideas for the second prototype. The new design still featured an inner and outer box; however, we did not hinge the boxes or use any pop rivets. Instead, angles bent into rectangular frames formed the main structures of the outer and inner boxes. The walls were bolted to the angle frames. The oven used high density fiberglass board insulation in place of the fiberglass batting of the first oven.  The most significant change in the second prototype from the first was that the new design involved a aluminum angle frame as opposed to wood columns. The reduced amount of wood in this new prototype greatly reduces the wear and tear when taking the screws in and out, as well as contribute to an overall lighter oven. 
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2. Problem Definition and Goals
Our first prototype was completed by the end of the Fall semester with a few complications. Our Fall 2011 goals were to create an oven much lighter than the regular ovens made in the lab that was also easily buildable and prefabricatable. The large amount of wood in, our first prototype made it quite heavy. We built the first prototype excessively tall, which added more weight. Our Spring 2012 goals were to solve these issues by making a new prototype design that was much lighter by using less wood and less height (less material in general), and easier to replicate or take apart/put together via simple parts and assembly. Our ultimate deliverable for this semester was to create a design that included dimensions for each part so that we could physically build the prototype.

Additionally, we wanted to finish constructing the first prototype, and physically build the second prototype to allow taking the two ovens to Nicaragua over Spring Break. This meant that the second prototype had to be designed quickly, could be disassembled and reassembled easily, and was small enough and light enough to be transported in our baggage on a plane to Nicaragua.

2.1 Reflection on Project Goals

Fall 2011

Last semester, we focused on making an easily prefabricatable oven. During the fabrication process, we ran into some complications which caused us to make modifications to our original design. The final product that came out from the fabrication process was definitely smaller and lighter than the ovens that we use in our lab to cook food, but it was still heavy. The first prototype that we made turned out to be ¾ the size of an older model but weighed ⅔ the weight of the older model. Therefore, if we were to scale up the size of the prototype to that another oven in the lab, the weight would be much greater. The height of the cooking area in the first prototype was large eough for the walls to cast shadows on the black plate when the sun wasn’t located directly above the oven.

A final issue with the first prototype was that the assembly and individual part designs were complicated: the wooden columns needed slits at specific locations, and their dimensions all needed to match exactly. The boxes required piano hinges attached at specific locations offset from the edges of the steel plates. The assembly required six columns instead of the usual four, and it needed brackets sealing the outer box.

The Fall prototype did not satisfy the design goals. However, the team gained valuable experience in oven design which was applied to the Spring semester.

Spring 2012

Our semester goal was to finish making the first prototype, design and fabricate a second prototype before the trip to Nicaragua. The first prototype needed. The second prototype was designed to improve on the first prototype. We designed the second oven to be smaller and lighter than the first oven. The new design still features an inner and outer cases connected without hinges  or  pop rivets. 
Aluminum angles bent into rectangular frames  form the main structure at the bottoms of the outer and inner boxes. The sheet metal walls of the cases will be bolted to the angle frames. We changed the oven materials from a wooden frame to an aluminum angle frame, from fiberglass batting to fiberglass boards that stiffen and reinforce the walls, and from glass sheets to plastic cooking bags. The designs of both prototypes are described in detail in the oven design manuals. The new design has a top opening door. The size of the second prototype is much smaller than our first prototype. The cooking volume of this design will be 19”x11”x7.375” ( LxWxH), and the oven’s total volume is 22”x14”x11”. 

2.2 Cost

Estimated Cost 

Here is an estimate of the second prototype to cost:

	Oven Components
	Materials
	Costs ($)       


	Frame
	Steel Angles
	 $10

	Glass
	Glass
	 $25

	Door
	Wood
	 $5

	Insulation
	Fiberglass Board
	$20

	Metal Sides
	Sheet Metal
	$5 

	Metal Bottom
	Sheet Metal
	$5

	Interior Case
	Sheet Metal
	$5

	Bottom Metal Plate
	Sheet Metal
	$3

	Total
	
	$78


The costs above are estimates for buying the materials in the United States. As more research is done, the required oven materials will probably change. We hope to identify the cheapest materials available in both the United States and Nicaragua that do not sacrifice oven performance. Minimizing cost is important because the women’s group in Nicaragua has a limited budget and resources.  

Actual Cost 

Below is the actual cost for the oven we constructed. 
	Material
	Cost

	Wood
	$3.30

	Aluminum Angle
	$8.90

	Steel Sheet Metal
	$18.51

	Aluminum Sheet Metal
	$8.32

	Fiberglass Board
	$15.40

	Steel Wire
	$7.20

	High Temp Cooking Bags
	$2.00

	TOTAL COST
	$63.62

	TOTAL WEIGHT
	~20 lbs


The final cost of our oven was fairly close to our estimated cost. The final cost satisfied our goal of creating an affordable oven. 

2.3 Schedule

 Here was our proposed schedule:
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 Here was our actual schedule:
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The proposed and actual schedule differed for several reasons. 

In the project proposal, we had written: “Since we have already selected materials and started the design phase, the team will first finalize a design within the week of February 13, 2012.  Then, the team will order the necessary materials and begin constructing the new prototype.  Since the design of the second prototype is much simpler and requires much less materials than the prototype made last semester, we believe that construction can be finished within 5 weeks, during which time, we will finish making last semester’s oven and start testing it.  After the new oven is constructed, we still spend 3 weeks testing it and while also noting any improvements that could be made to the design. The final step of the semester will be to write up a final report” describing the design and any proposed future work.

We expected to finish designing the second prototype during the week of February 13, and spend six weeks constructing it. We also expected to spend three weeks finishing the first prototype and then three weeks testing it before bringing it to Nicaragua. In actuality, we finished designing the second prototype during the week of February 27, and had three weeks to construct it before bringing it to Nicaragua. We ended up finishing the first prototype in three weeks, also just in time to disassemble and pack it to Nicaragua. We did not have time to test the ovens before bringing them to Nicaragua.

We proposed to spend the three weeks following the Nicaragua visit extensively testing the new prototype, and then spend one week writing the final report. We could not do that because we left the two prototypes in Nicaragua. Instead of post-Nicaragua oven testing, we spent three weeks documenting the two new ovens that we built in Nicaragua, and then spent three weeks writing the final report on this semester’s work.

The reasons for these differences were that it took longer than expected to brainstorm the oven design and create the SolidWorks parts files. The proposal did not account for the need to finish the ovens before going to Nicaragua since we wanted to take them with us. For this reason, we shifted the schedule so that our main focus during the weeks preceding the Nicaragua trip was constructing the second prototype, and constructing a corrected door for the first prototype. It also took several days to disassemble the prototypes and put them into cases for transport.

Discrepancies between proposed and actual activities after the Nicaragua trip were due to the unforeseen need to properly document Nicaragua activities before we forgot how we constructed the new ovens in Nicaragua. Also, in actuality, we needed time to reflect on our Nicaraguan and semester experiences and accomplishments in order to write a good final report.

2.4 Construction Process Notes

We encountered various difficulties during construction process. These notes will help us build a better oven in the future. 

· Since we did not cut the sheet metal pieces too precisely, the metal parts of the oven had many mismatched dimensions. Having straight cuts will make the construction process a lot smoother.

· Our top oven wood covering was too small since the final dimensions of the oven were not the anticipated dimensions. It is recommended to cut the top covering and door frame after the main oven has been assembled to ensure a proper fit.

· It is difficult to bend angles into perfect plate dimensions. Many other components depend on the dimensions of the angle bottom frame, so it is very important to be very precise when constructing the angle frames.  

· There were multiple gaps in the corners of our inner box due to mismatched dimensions and mistakes during the construction process. These gaps can be sealed with some reflective, high temperature tape. 

· The front and back top covering wood was able move since the frame consists of four separate pieces. It is a good idea to glue the side pieces to the front and back pieces for a more rigid and stable oven. In future ovens, it even may be a good idea to construct the top covering as a solid frame instead of four separate pieces.

· The outer walls need to be higher so that it will align with the top wood covering or even be taller than the wood covering, and allow ample room for the screws to attach the walls.

2.5 Future Improvements and Additional Considerations 

Since the final oven was relatively lightweight, future ovens could be built to make the cooking area bigger so that it can fit two pots more comfortably. Additionally, if fiberglass board is not available, regular fiberglass batting could also be used in this design. The addition of vertical angles to the inner box may be necessary to give the oven added rigidity. 

2.6 Conclusion and Reflection

We successfully met our semester goals of fabricating a better prefabricatable oven and bringing both completed ovens to Nicaragua. One thing we could have done differently in order to more thoroughly meet our semester goals is to have more diligently worked on the design in the beginning of the semester. Then, we could have completed both prototypes earlier and had time to test them at Cornell before bringing them to Nicaragua. Perhaps, information gathered from this testing could have been used to build even better ovens during our week in Nicaragua.

3. Trip to Nicaragua- Spring 2012
During Spring Break in March, five student members of the Solar Oven Team, Tim, and filmmakers Lee and Jenna traveled to the Solar Center in Totagalpa, Nicaragua. Before arriving in Nicaragua, our trip goals included showcasing the two prototypes to the women, learning about what future Cornell research would be most useful to the women, and building replicas of the prototypes in Nicaragua with the women using Nicaraguan materials and tools.

These goals changed slightly once we talked with the women and Dr. Lynn Schlager, a Professor of Mechanical Engineering at University of Wisconsin Platteville who had been working with the women for several months. Dr. Schlager presented a “foldable” oven prototype, and the women described the need for ovens that could easily be transported to showcasing events. It seemed that the women were more interested in such a foldable oven than a prefabricatable oven (i.e., an oven designed to only be folded and unfolded several times over its lifetime). Additionally, the women wanted to gain more experience building solar dryers. For these reasons, the Cornell group, Prof. Schlager and Nicaraguan women divided into three groups. One group worked on a solar dryer, another group worked on a scaled-up version of the Cornell Prototype 2 with insulation and other materials available in Nicaragua Prefabricatable Oven, and a third group worked on a scaled-up version of Professor Lynn Schlager’s hinged “foldable” oven, also with insulation and materials available in Nicaragua.

Details about each group’s work are below.

3.1 Prefabricatable Oven Team

Alex worked with Professor Lynn Schlager, Nimia and Maria Magdalena on a new oven based on our second prototype. We were able to improve our design with the help of the women. The new design is a larger and shorter oven. The walls that we built on the prototype were too tall, resulting in shadows over the cooking surface. The new oven features a 25”x25”x8” cooking volume. The oven also uses fiberglass batting instead of fiberglass board in the side walls. All sheet metal will be galvanized steel, and each edge will be connected and reinforced with aluminum angles. Since steel rod small enough to be bent into a frame for the cooking bags was not available in Nicaragua, this oven will have the plastic bags stapled to a wooden frame, which will act as the top opening door. 

The plastic cooking bags used were not large enough to cover the entire door. In order to use the bags, we needed to meld or stitch them together using a soldering iron. The final result was a larger area of plastic. The following pattern was used to hold the separate sheets of plastic together:
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The end result was not perfect. The glazing had a few leaks, but it was functional. The completed oven was able to reach a temperature of 120 degrees Celsius in the Nicaraguan sun. This result, given the many leaks in the oven highlights the great potential of this design. Many of the women complemented the sleek and professional look of the aluminum angles used on the edges of the oven.

3.2 Foldable Oven Team

Jocie and Meg worked with Tim and two of the solar women, Reyna and Yelba, to construct an oven that can repeatedly fold and unfold via hinges. This design was based on the work of Dr. Lynn Schlager. However, we adapted his original design so that our version was wider but shallower and used fiberglass batt insulation.

This oven is designed for repeated folding and unfolding, unlike the prototype we made at Cornell, which can probably only fold and unfold several times before breaking. This oven is meant for repeated travel- such as when the women showcase the ovens, as opposed to one-time-travel- such as when a family receives an oven for outside their home in the mail.

A detailed construction manual of the design can be accessed from the ESW Solar Cooker Team wiki page. Below, we detail some of the difficulties encountered during construction:

-It was dangerous to cut the wood

-There were many gaps between the walls

-It was tricky to line up the pegs

-The design involved more hinges than any previous designs

-The dimensions of each wall are complicated

See the link on the wiki for more information.

3.3 Solar Dryer Team

Emma and Xochitl worked on a solar dryer with Karen, Alejandra, and Rumalda, while in Nicaragua. The request to build a solar food dryer was given by the women at the initial meeting on Monday, in the Centro Solar. Although we did not have prior knowledge of how to build a solar dryer, neither did the women from the center. The dryer that we built is modeled on one designed and built by students from UC Davis.  There is no manual for this dryer.  We needed to build this dryer by looking at the model. 
Karen was able to help the team by using her carpentry skills, which really came in handy. Due to the first time building of this dryer, we had to estimate the order of construction. It was difficult  measuring all of the pieces from the dryer that was already build as well as fitting together those pieces we measured. After cutting the pieces, we decided that the design needed a few changes. We kept  the model that was built by the previous volunteers because the women wanted to make sure they could build the same dryer. 

A detailed construction manual of the design can be accessed from the ESW Solar Cooker Team wiki page. Below, we detail some of the difficulties encountered during construction:

-The wood was very green

-There were some instances of split wood due to the small areas that we had to work with in order to screw together the walls

-The design of the door was a bit complicated, but we have ideas for improvement in our manual

-The locks on our dryer were a difficult to put on especially due to the gaps between the door and the walls

-There was a lot of glue involved to seal the gaps - i.e. this is not a dryer that is able to be taken apart easily

See the link on the wiki for more information.

3.4 Personal Impressions
Alex 

My trip to Nicaragua was definitely an experience to remember. Before I visited Nicaragua, I understood very little about the Solar Women of Totogalpa. Now, I understand what an amazing group of women they are and their incredible and pioneering work. It definitely added another dimension to the solar oven project. 

When we first arrived in Nicaragua, I was incredibly nervous and excited. Being in a new country and staying in a stranger’s home made me feel uneasy. But during the course of one day, I was no longer staying in a stranger’s home. I was staying in Adalina’s home with her daughters, their dog Dusty, their cats Sully and Estrella, Giraldo the pig, and countless chickens. Everyone I met was incredibly nice and made me feel right at home. Throughout the week, I got closer with my host family and eve was able to improve my Spanish. I could barely form a sentence to Adalina the first day, but by the end of the week I could have an entire conversation with her.in Spanish (with some Spanish mixed in, of course). The food, coffee, and hospitality were amazing. 

On the technical side of things, it was a very rewarding experience to see the entire construction process from start to finish. In addition, it was valuable to see what tools the women worked with and what resources were available. I think Ramalda said it best during the final technical exchange. The following is a very loose translation, but I believe it certainly gets the point across, “What we’re doing is really an incredible thing. Every year I learn something new and we are always increasing our ability. Today I use tools that I have never used before, and I’m doing things that I never imagined they could do”. The women were incredibly open to new ideas and they also had a lot to teach me about construction and design. 
Working with Professor Lynn was also valuable. He was a really intelligent guy with a great mechanical knack. He was constantly teaching me new methods and improving the oven design. It is largely due to Lynn that our oven turned out so well. 

Emma
Before going to Nicaragua, I had no idea what to expect. I had never been anywhere in Central America before, and I had never participated in a homestay. I took Spanish all throughout high school, but my knowledge of the language was limited to very basic conversation—and very questionable use of grammar and vocabulary. By the end of the week in Nicaragua, I had learned more about the language, culture and purpose of the Solar Women that I could have ever imagined.
From working on the solar dryer team with Xochiti, Karen, Ramalda and Alejandra I learned about the differences in practice and resources between our labs at Cornell and the Solar Center in Nicaragua. Although I was aware that there were very different building tools and materials available in Nicaragua, I did not have a specific knowledge of the differences until we traveled there. After our trip, I know that I can do a much better job designing solar ovens, dryers and other tools in the context of what is useful and available.
From the homestay, and from spending the week working with the women at the Solar Culture Center, I learned about the community and the culture there. The community of people was even nicer and more welcoming than I could have ever possibly imagined. Besides learning about the Solar Ovens, I learned how to make tortillas, wash clothing on a washboard and adjusted to having no running water. I didn’t want the week in Nicaragua to end, and I’m looking forward to the opportunity of going back next year. 
Jocie

It was a really interesting experience to return to the Solar Center again two years after I first went. It was exciting to see the Solar Restaurant construction completed and open for business. The women seemed to be confident and proud of their cooking and serving in the restaurant. It was also exciting to see the progress of the Solar Center projects. The kids’ group had built a new smoothie bicycle, and the women were already experimenting with foldable ovens.

In the community, it was interesting to see that the population had significantly increased. It was nice to live with the same family I had lived with for a week two years ago. The kids seemed to be doing well, and the whole family seemed happy, and very proud of Myra’s involvement in the Solar Collective.

In general, it was a great experience to implement engineering studies from the Cornell classroom to something practical and significant in a developing country. It really added a personal touch to my Cornell undergraduate education.

Xochitl

This was the first time that I went outside of North America! I was very excited to work with women who have been working with Cornell’s solar oven class for several years. I honestly did not know what to expect, except that I was going to be going to a small town. However, even then, the town was a lot smaller than I had expected. I was glad that we each got our own rooms/beds, but it was unfortunate that we were all spread out and that we were not able to see each other after dark.

It was great to see all of the work that the women were accomplishing at the Centro Solar. When we were taking the tour of the center, it was great to see a bit of the history behind the solar ovens. There were ovens that were out in the front yard that were original designs. There was also a water distiller that was in the yard and other sustainable projects around the center. 

One of the most amazing things I think I saw, though, was the Montaña Solar! It was amazing to see all of this work that the community was putting in to build a center where folks would be able to meet and converse, as well as help the land that was deforested gain life once again.

Meg
Travelling to Nicaragua this March threw me far out of my comfort zone, from the new language and way of life to the engineering and building aspects that the trip entailed [I am currently the only member of this class not studying Engineering here at Cornell and am thus slightly out of my element at all times]. Throughout the week, I was fortunate enough to have a myriad of new experiences, whether it be using a hammer for the first time or trying a new kind of food. I also made a lot of new friendships in the women there, as well as the family I stayed with. My favorite part of Nicaragua was the children, who were so sweet and inquisitive—I could have spent all day talking to and playing with them, in spite of the language barrier.

I was thrilled to see that, aside from the personal significance of my time in Nicaragua, there were positive implications for the research in Fresnel lenses. Previous to visiting Nicaragua, I must admit that I felt unsure as to whether the lenses could provide much practical use there, especially since our unrefined methods of experimentation often resulted in scorched wood or melted plastic. However, by catching a glimpse of daily life in Nicaragua—and living it ourselves—Emma and I have come up with several potential directions to take in our research. The trip brought to life what we are doing back in cold, rainy Ithaca and it renewed our drive to come up with something we can bring to Nicaragua next year.  

Though any Spanish I learned throughout the week will surely fade, I will not soon forget the kindness of the women (and men) involved at the Solar Center in Sabana Grande. Though we were only there for seven days, I felt completely welcomed into the community, and I can hardly wait to revisit it in a year.

4. Future Work- Based on Spring 2012 Semester and Nicaragua Trip

Based on the ovens we made this semester and our experience in Nicaragua, there are many ways to improve the oven design in future semesters. 

Some design improvements could simply be a continuation of this semester’s design goals:

-find materials that perform well in the oven’s temperature range.

-find a glass substitute with high optical quality.

-design the oven so that it can easily be moved around- that is, a rugged, low-weight design.

-design an oven that can easily be packed in a box for shipping or folded for carrying.

Other design improvements could be based on what we learned in Nicaragua:

-should Cornell focus on a foldable oven (i.e. an oven that can be folded easily and many times without wearing out) or a prefabricatable oven (i.e. an oven that can easily fit in a compact shipping box but is not designed to quickly fold and unfold without wearing out)?

-make the oven with materials readily available at the hardware store used by the women.

-allow the oven to be made easily and safely based on the tools available at the Solar Center (i.e. their table saw is slightly dangerous).

-additionally, more attention could be paid to reducing the cost for materials.

Testing the current designs could also be helpful:

-test the durability of the Reynolds bags (temperature and daily-use fatigue)

-test the cooking performance of each prototype


-determine the highest temperature reached and time required to reach it


-determine how long it takes to boil a pot of water

The Cornell Solar Ovens Team could incorporate some of these features and findings into a third prototype during Fall 2012.
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