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1.  Project Statement


For the Solar Array component of the project, we will investigate the different types of solar technologies (mono, poly, and thin-film) research products from different companies, research different panel configurations, and work with a vendor to determine the best configuration and panel for our design.

2.  Solar Panel Design Considerations

What to think about when designing the solar array:





Constraints: size, cost, type of solar cell, power,…

How much power do we need? (voltage and current)



*voltage more important because will most likely not get more power than we need to 

  run the car


What type of power trackers will we use to know voltage requirement?

Array Size













How many cells will fit on the car?



*leave 1 mm space between each 10cm x 10cm cell for heat expansion 

 

  (otherwise array will crack)

Array Layout













Need to divide array into panels that are the voltage needed for the array

 

Flat array vs. Curved array



*curved-need all cells in 1 panel facing same direction (cells at different angles see 

  different amounts of power…the cells of one panel are wired in series, so the panel is 

  only as good as cell seeing least amount of power)

Connecting the Cells











The front of the cell is negative, back of it is positive – so to connect cells in series, you want to connect the front of one cell to the back of the next


Generally, use ribbon wire to connect



>the ribbon wire is soldered to the bus bars (wide silver bars) on the front of one 

cell…the extra wire left connected to this is then soldered to the back of the next cell  *see Photon Technologies (distributor of ASE Americas Cells) for instruction booklet
Protecting the Cells












*important to have protection



-electrically insulates it, protects from weather, and strengthens it


Want something lightweight and optically clear


Possibilities:



Glass



Tefzel (plastic sheet) used with EVA and laminator



Clear polyuerethane



Clear contact paper (cheap! But not very good)

Mounting the cells to the car










Any way you can get it to stick


Possibilities:



Double-sided tape



RTV (silicon caulking)


What to consider:



How well it sticks to the car and the encapsulation



Whether it is easy to remove if something breaks



How much it lets you position the modules



How long it takes to stick



How messy it is 

Power Regulation











Maximize power from array by using the MPPT (Max Power Point Tracker)


Regulates how the batteries charge


Should be PPT for each panel on the car


Two types:

· Buck - requires that the array voltage is higher than battery voltage and drops the voltage to an appropriate level
· Boost - requires that the solar array voltage is less than battery voltage and it bumps the voltage up to an appropriate charging voltage

Use one or the other depending on the car size, shape and voltage planning to operate at.

Can get more power if panels are tilted towards the sun


Possible solution:

[image: image1.png]



This, however, makes the car heavier and can cause problems with side winds/air drag

(www.spectrolab.com/stores) and purchased approximately 3,000 dual-junction gallium arsenide terrestrial solar cells to power their car.




* http://web.mit.edu/solar-cars/www/generalinfo/scinfo.html

* http://tcfreenet.org/org/mres/carmanual/top.html
3.  Parameters/Design Specs

Determine the solar technology to be used.
Determine the configuration of the solar cells.
What kind of output does the solar array produce in varying weather conditions?
Create an electrical schematic of the solar array configuration.
Create a 3D model of the solar array and corresponding mechanical drawings. 

	Part Number
	Manufacturer
	Vendor
	Description
	Cost
	Data Sheet

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 


 

	Parameter
	Value
	Unit

	Solar Array Weight
	 100-200
	Pounds

	Solar Array Max Current
	 5.7
	Amps

	Solar Array Max Voltage
	 150-175
	Volts

	Solar Array Max Power
	 ~1000
	Watts


P = VI

1000 = 175I

I = 5.7A


4.  Technologies

d. Monocrystalline

e. Polycrystalline

These represent the "traditional" technologies. They can be grouped into the category "crystalline silicon". Single crystal is the original PV technology invented in 1955, and never known to wear out. Polycrystalline entered the market in 1981. It is similar in performance and reliability. Single crystal modules are composed of cells cut from a piece of continuous crystal. The material forms a cylinder which is sliced into thin circular wafers. To minimize waste, the cells may be fully round or they may be trimmed into other shapes, retaining more or less of the original circle. Because each cell is cut from a single crystal, it has a uniform color which is dark blue. 

Polycrystalline cells are made from similar silicon material except that instead of being grown into a single crystal, it is melted and poured into a mold. This forms a square block that can be cut into square wafers with less waste of space or material than round single-crystal wafers. As the material cools it crystallizes in an imperfect manner, forming random crystal boundaries. The efficiency of energy conversion is slightly lower. This merely means that the size of the finished module is slightly greater per watt than most single crystal modules. The cells look different from single crystal cells. The surface has a jumbled look with many variations of blue color. In fact, they are quite beautiful like sheets of gemstone. 
In addition to the above processes, some companies have developed alternatives such as ribbon growth and growth of crystalline film on glass. Most crystalline silicon technologies yield similar results, with high durability. Twenty-year warranties are common for crystalline silicon modules. Single crystal tends to be slightly smaller in size per watt of power output, and slightly more expensive than polycrystalline. 
The construction of finished modules from crystalline silicon cells is generally the same, regardless of the technique of crystal growth. The most common construction is by laminating the cells between a tempered glass front and a plastic backing, using a clear adhesive similar to that used in automotive safety glass. It is then framed with aluminum. 
The silicon used to produce crystalline modules is derived from sand. It is the second most common element on Earth, so why is it so expensive? The answer is that in order to produce the photovoltaic effect, it must be purified to an extremely high degree. Such pure "semiconductor grade" silicon is very expensive to produce. It is also in high demand in the electronics industry because it is the base material for computer chips and other devices. Crystalline solar cells are about the thickness of a human fingernail. They use a relatively large amount of silicon. 

https://www.altenergystore.com/cart/solar_panels.html?iGynGH2o;#What
f. Thin Film

Imagine if a PV cell was made with a microscopically thin deposit of silicon, instead of a thick wafer. It would use very little of the precious material. Now, imagine if it was deposited on a sheet of metal or glass, without the wasteful work of slicing wafers with a saw. Imagine the individual cells deposited next to each other, instead of being mechanically assembled. That is the idea behind thin film technology. (It is also called amorphous, meaning "not crystalline".) The active material may be silicon, or it may be a more exotic material such as cadmium telluride. 

Thin film panels can be made flexible and light weight by using plastic glazing. Some flexible panels can tolerate a bullet hole without failing. Some of them perform slightly better than crystalline modules under low light conditions. They are also less susceptible to power loss from partial shading of a module. 
The disadvantages of thin film technology are lower efficiency and uncertain durability. Lower efficiency means that more space and mounting hardware is required to produce the same power output. Thin film materials tend to be less stable than crystalline, causing degradation over time. The technology is being greatly improved however, so we do not wish to generalize here. We will be seeing many new thin film products introduced in the coming years, with efficiency and warranties that may approach those of crystalline silicon. 
PV experts generally agree that crystalline silicon will remain the "premium" technology for critical applications in remote areas. Thin film will be strong in the "consumer" market where price is a critical factor. As usual, you get what you pay for. 

https://www.altenergystore.com/cart/solar_panels.html?iGynGH2o;#What
g. Max Power Point Trackers

1-Maximum Power Trackers convert voltage into current and current into voltage, depending on what the battery wants to see as its internal resistance increases as it charges. Unlike attaching a solar panel directly to the battery, which will feed a fairly constant supply of voltage and current into the battery, regardless of the battery's state of charge, the Maximum Power Tracker will adjust the "power" output of the solar panel to match the needs of the battery set. 

2-You generally have two choices in your Maximum Power Tracker selection. Either it takes a lower voltage and raises it to a higher voltage (ex: 60 volts to 80 volts) or takes a higher voltage and reduces it to a lower voltage (ex: 100 volts to 80 volts). In this example, the battery voltage is 80 volts. 

Our opinion is that if you design and build your solar panel so that it has a lower voltage than is required by the battery (ex: 60 volt panel voltage to charge through the Max. Power Tracker to convert to 80 volt battery voltage), if the Max. Power Tracker permanently fails during the race and you do not have a backup, or the backups all fail during the race, there is no possible way for you, as a further backup charging source, to connect the 60 volt solar panel directly to your 80 volt battery set and expect a full charge. The solar panel voltage output is too low to charge the battery set. 

However, if you use a Max. Power Tracker that specifies a higher voltage (ex: 100 volt panel voltage to charge through the Max. Power Tracker to convert to 80 volt battery voltage), even if the Max.Power Tracker is taken out of your charging circuit, you can always attach the solar panel directly to the battery for recharging because the panel voltage is higher than is required from the battery set. You will have to closely monitor the charging rate of the batteries to prevent overheating or overcharging, but you will still have the opportunity to finish the race. 

In other words, buy or build a Maximum Power Tracker that specifies a higher voltage than is actually required from the battery set rather than one that is lower. 

3-After you have designed the layout of your solar array with its series and parallel connected "strings" (10 to 15 cells in series) to provide the voltage output required by the Maximum Power Tracker (ex: 100 volts) and your battery set (ex: 80 volts), go one step further and design an alternative solar cell layout. 

This alternative "string" layout design, instead of matching the voltage required by the Max. Power Tracker (ex: 100 volts), would exactly match the voltage required by the battery set directly, without the Max. Power Tracker installed (ex: 80 volts). 

This will allow you to reconfigure your solar panel "strings", under the solar array, to match the exact charging needs of the battery set (ex: 80 volts) rather than the needs of the Max. Power Tracker (ex: 100 volts) in case of Maximum Power Tracker failure. 

This would provide you with a better charging source (ex: 80 volts to 80 volts) than the mis-matched voltage from a higher voltage solar panel (ex 100 volts to 80 volts). 

We hope that this information is helpful to your Team. However, if you use a Max. Power Tracker that specifies a higher voltage (ex: 100 volt panel voltage to charge through the Max. Power Tracker to convert to 80 volt battery voltage), even if the Max.Power Tracker is taken out of your charging circuit, you can always attach the solar panel directly to the battery for recharging because the panel voltage is higher than is required from the battery set. You will have to closely monitor the charging rate of the batteries to prevent overheating or overcharging, but you will still have the opportunity to finish the race. 

In other words, buy or build a Maximum Power Tracker that specifies a higher voltage than is actually required from the battery set rather than one that is lower. 

3-After you have designed the layout of your solar array with its series and parallel connected "strings" (10 to 15 cells in series) to provide the voltage output required by the Maximum Power Tracker (ex: 100 volts) and your battery set (ex: 80 volts), go one step further and design an alternative solar cell layout. 

This alternative "string" layout design, instead of matching the voltage required by the Max. Power Tracker (ex: 100 volts), would exactly match the voltage required by the battery set directly, without the Max. Power Tracker installed (ex: 80 volts). 

This will allow you to reconfigure your solar panel "strings", under the solar array, to match the exact charging needs of the battery set (ex: 80 volts) rather than the needs of the Max. Power Tracker (ex: 100 volts) in case of Maximum Power Tracker failure. 

This would provide you with a better charging source (ex: 80 volts to 80 volts) than the mis-matched voltage from a higher voltage solar panel (ex 100 volts to 80 volts). 
http://members.aol.com/photontek/photon/maxptt.html


h. How Solar Cells Work
Solar cells are devices which convert solar energy directly in electricity, either directly via the photovoltaic effect, or indirectly by first converting the solar energy to hear of chemical energy.

Solar cells are made of silicon, one of the most abundant elements on Earth. Pure silicon has four outer valence electrons that can form tetrahedral crystal lattices. Pure silicon is a poor conductor of electricity since none of the electrons are free to move about. 
The electron clouds of the crystalline sheets are stressed by adding trace amounts of elements that have three or five outer shell electrons that will enable electrons to move. The nuclei of these elements fit well in the crystal lattice, but with only three outer shell electrons, there are too few electrons to balance out, and "positive holes" float in the electron cloud. With five outer shell electrons, there are too many electrons. The process of adding these impurities on purpose is called "doping." When doped with an element with five electrons, the resulting silicon is called N-type ("n" for negative) because of the prevalence of free electrons. Likewise, when doped with an element of three electrons, the silicon is called P-type. The absence of electrons (the "holes") define P-type. 

The combination of N-type and P-type silicon cause an electrostatic field to form at the junction. At the junction, electrons from the sides mix and form a barrier, making it hard for electrons on the N side to cross to the P side. Eventually equilibrium is reached, and an electric field separates the sides. 

When photons (sunlight) hits a solar cell, it's energy frees electron-holes pairs. The electric field will send the free electron to the N side and hole to the P side. This causes further disruption of electrical neutrality, and if an external current path is provided, electrons will flow through the path to their original side (the P side) to unite with holes that the electric field sent there, doing work for us along the way. The electron flow provides the current, and the cell's electric field causes a voltage. With both current and voltage, we have power, which is the product of the two.

By wiring solar cells in series, the voltage can be increased; or in parallel, the current. Solar cells are wired together to make a solar panel, and solar panels can be joined to create a solar array.
5.  How To


a.  Laminating Solar Cells onto a Slanted, Sloped or Non-Flat Surface

So you have some areas on your solar array that aren't exactly flat? 

We highly suggest Dow Two-Part Silicone Encapsulant to mount your solar cells since it will always set-up and cure. Remember that you CANNOT use any Single-Part encapsulant such as Conformal Coating UNDER the solar cells since this material tends to not cure under the cells and leaves a wet-puddle of uncured encapsulant. This will expand when the cell gets hot and may crack the cell. This is an advantage of the Dow Two-Part Silicone Encapsulant. Once it is properly mixed, it will always cure regardless of whether it is under or over the solar cells. 

Since this material is a semi-thick liquid when you apply it, unless the surface that the solar cells is flat and horizontal, the encapsulant will run off of the cells to the table or floor as soon as you pour it on. We highly recommend that you build separate solar panels on a flat surface and then bond the separate panels to your solar array surface. This allows you to remove them later, especially if one is damaged during the race. 

However, if you are bonding your solar cell "strings" (rows of presoldered solar cells) directly to your car and are using Two-Part Silicone, and your surface is not horizontally flat, you will quickly find that the Silicone will not sit still long enough to mount the cells with enough encapsulant to properly attach the cells. It will flow off of the slanted surface and drip onto the floor. 

Here is the BIG trick to mounting your solar cells on this surface!
Go down to the hardware store and get some heavy gauge POLYETHYLENE clear plastic sheet. This is commonly used as inexpensive cover for floors when painting. Don't get the very thin material since you will need to be able to stretch it very flat and you don't want any wrinkles in it. 

After unwrapping it from the package, you will probably see some folds that are in the plastic. Cut a large section of the plastic sheet to fit over your solar panel assembly table, tape two adjoining sides to the table and lightly apply a heat-gun to the folds in the plastic as you pull gently on the other two sides to heat and flatten the creases. 

Then tape the plastic down to the table sides so that it is VERY flat across the table. 

NOTE: For this assembly method to work, the plastic that you use HAS to be POLYETHYLENE. You may find other molding uses for this unique plastic material when building your solar car. Polyethylene is "Ice-Cube" tray material. No much sticks to it. That's why your ice-cubes pop out of the ice-cube tray. For you mechanical and design Engineers, keep this in mind when you are designing plastic parts for some Company that you will eventually be working for. Polyethylene is very difficult to glue and to get other materials to stick to it. 
The next step is to pour some Two-Part Silicone onto the VERY flat polyethylene sheet that you have taped to the flat table. Then place your solar cell "strings" down into the wet silicone. Since most solar cars use the One-Part Conformal Coating on the front of the solar cells as a sprayed or brushed-on coating, applied later, the solar cell strings will be placed "back's-down" into the wet silicone. If a little silicone flows up through the spaces between the solar cells, don't worry about it. Don't try to remove the wet silicone at this point. Let it cure and then cut it away with a razor knife the next day. 

Gently push the solar cells down into the wet silicone so that most air bubbles are pushed out from under the cells. You can also use the "refrigerator-door" vacuum chamber that we describe in another part of our Sunrayce WebSite to remove the trapped air bubbles but because these solar panel sections will be generally smaller than the full size panels, you will probably not have to use any vacuum to remove trapped air. 

Let the silicone cure over night and the next day, trim with a razor knife, and unwanted silicone. 

Then gently untape the polyethylene sheet from the table and turn the entire sheet/solar panel upside-down on the table surface. Then gently begin peeling the sheet from the back of the silicone coated solar cells. 

Remember, solar cells don't bend!!! So be careful with this step. You can also experiment with using some, non-oily, non-silicone types of mold releases such as dish detergent pre-applied onto the polyethylene sheet before you pour the two-part silicone on it. Be sure that the detergent (used full-strength from the bottle) is compatible with the two-part silicone and will not inhibit curing. Dish detergent is good because you can wash it off prior to the mounting step. Oily or Silicone based mold releases will be very difficult to remove. 

After you have peeled the sheeting from the back of the solar cells, trim the floppy "solar panel" to the size that you need and then test the panel for electrical output to make sure that non of the solder joints have broken or the cells have cracked. 

To mount your "pre-encapsulated" solar panel to the slanted surface, now just paint on a thin layer of more two-part silicone onto your car body or array structure and then simply lay the pre-encapsulated solar panel onto the wet silicone. Start at one end and try to work out the air bubbles that may be trapped as you apply the panel. Use some masking tape to hold the top of the panel in place and you will find that the panel will stick quite well to the car body. 

After the bonding layer of the two-part silicone has set-up, it will have the appearance of encapsulating the cells directly to the sloped car body rather than as a separate step (How did they do that???!) 

* http://members.aol.com/photontek/photon/slant1.html

6.  Reference List


AstroPower (in Delaware)

   302.366.0400

   sales@astropower.com

Sharp Solar Systems Division USA (in Cali)

   630.378.3357

Siemens Solar (in California)

   805.482.6800

   ssi.sales@solar.siemens.com
   http://www.shell.com/home/Framework?siteId=shellsolar
BP Solar

   http://www.bpsolar.com/
   BP Solar Headquarters  
   Phone: +1-410-981-0240 

7.  Company Investigation

a. AstroPower



This company cells single solar cells, but they sell them in kits.  The kits 



include 20 solar cells at $175.00 per kit.

b. Siemens



Mono-crystalline

Exceptional efficiency with proven reliability.

The mono-crystalline range of photovoltaic modules offers exceptional efficiency and proven reliability backed by a 25 year warranty.  Our mono-crystalline products offer maximum power when space is a limitation in grid-connected and specialised industrial applications. The mono-crystalline range also offers the largest modules available, providing an effective solution for installations covering large areas. Shell Solar has 30 years experience in mono-crystalline technology backed by our patented PowerMax®

efficiency-enhancing technology and a cumulative installed volume of nearly 300MW worldwide.

Multi-crystalline

Excellent efficiency and reliability.

The multi-crystalline range of photovoltaic modules offers cost-effective power and reliability backed by a 20 year warranty.  Our multi-crystalline products offer cost-effective power in grid-connected, industrial and rural applications. The range offers a high-strength frame that is particularly suitable for applications which expect heavy snow or high wind loads. Shell Solar has 20 years experience in multi-crystalline technology with a cumulative installed volume of nearly 50MW worldwide.

CIS thin-film

Highest power output in a thin-film.

The CIS range of award-winning photovoltaic modules delivers highest power and reliable performance in all operational conditions backed by a 10 year warranty. Our CIS thin-film products offer high power in industrial and rural applications where space is not a limitation. The range is particularly suitable for low light level environments and where uniform appearance and aesthetics is important.  Shell Solar has over three years commercial manufacturing experience in CIS thin-film technology backed up by 10 years

R&D experience.

c. BP Solar

	Premium Performance Crystalline

	· [image: image2.jpg]


World leading efficiency - ideal for maximizing power and reducing installation cost 

· Market leading energy generating kWh/kWp performance demonstrated in third party tests 

· Leading commercial laser processing technology provides a power boost over other technologies 

· Superior power tolerance 

· Standard 25 year power warranty and 5 year materials and workmanship warranty 



	

	



	High Performance Crystalline

	· [image: image3.jpg]


Superior energy generating kWh/kWp performance 

· Excellent efficiency and reliability through enhanced cell processing technology 

· Superior power tolerance 

· Attractive dark frame appearance 

· Standard 25 year power warranty and 5 year materials and workmanship warranty 



	

	



	Performance Crystalline
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High power performance achieved through enhanced cell processing technology 

· High efficiency and reliability for diverse grid and off-grid applications 

· Widest selection of module sizes from 5 to 160 W 

· Specialized frame and voltage options for small modules 

· Standard 20 or 25 year power warranty 



	

	



	High Performance Thin Film

	· [image: image5.jpg]


Most cost-effective power output where space is not a constraint 

· Market leading thin film efficiencies 

· Superior energy generating kWh/kWp performance demonstrated in third party tests 

· Aesthetic appearance: glass over dark gray or black substrate easily fits into building's design 

· Standard 20 year power warranty 


 

