Nerdgirls FAQs

Odds and ends about the car:

1.)What is the car made of?

Tentative answer: Frame = Chrome alloy; Underside on front = fiberglass 

and styrofoam (mention of Kevlar too, but is it honestly if we can put holes through it?); Underside on back two-thirds of the car = stretch canvas

2.)How much does the car weigh?

Tentative answer: A whole lot. 775lbs, I think we rounded up to 800lbs, lets just say half a ton it sounds impressive

3) What are the overall dimensions of the car?

The dimensions are 2m x 1m x 5.95 m.
4) How fast does it go?

Answer: In it's glory days it topped out at 70mph, we've gotten it up to 40mph, but it has yet to be taken on the highway....

5) How long can it maintain that top speed?

BATTERY
-------------------------------------------
 
SEARS Batteries in Anne E. B. 
Lead Acid Battery - Marine Deep Cycle
Voltage/Battery               = 12 Volts/Battery
storage Capacity/Battery      = 100 Amp Hours/Battery
quantity of Batteries         = 8 (originally 12)
Discharge Rate                = 20
 
Use the chart from http://www.usbattery.com/specs4.htm
<http://www.usbattery.com/specs4.htm>  for calculations.
Lets pick the 27TM battery as an example.
 
Lets assume that a deep cycle battery can never dip below 80% of their
storage capacity to prevent damage.
 
See also this web site for more detail on batteries.
http://www.4unique.com/battery/battery_tutorial.htm
http://www.4unique.com/battery/battery_tutorial.htm> 
 
MOTOR SYSTEM
-------------------------------------------
Max Power of Motor               = 8 kilo-watts
Max Efficiency of Motor System   = 90%
 
Lets assume that max speed of the motor is reached when the motor is
supplied 8 kilo-watts of power.
Lets also assume that the motor system has an efficiency of 90%.  This means that we lose 10% of the power supplied due to factors such as heat and other energy conversions.  In order to achieve 8 kilo-watts of deliverable power to the motor, we need to supply the motor system with
 
supplied_power * 90% = 8 kilo-watts
supplied_power = (8 kilo-watts) / (90%) = 8889 watts = 8.889 kilo-watts
 
MAINTAIN TOP SPEED WITHOUT CHARGING
-------------------------------------------------------------------
Lets assume that we are running directly off the batteries and the batteries
are not going to be charged.
 
Supplied Power = 8889 watts
Voltage            = 96 Volts
 
Power = Voltage * Current = VI
Power = 96 Volts * I = 8889 Watts
I = 92.6 Amps, which is approximately 90 Amps
From the chart mention previously, the 27TM battery should last 31 minutes.  however, we shouldn't really exceed 80% of the battery capacity, herefore we only get 31 * 80% = 24.8 minutes
 
However, the original system had 12 batteries for 144 Volts.
Power = 144 Volts * I = 8889 Watts
I = 61.7 Amps, which should last approximately 50 minutes (midway between 50 and 75 Amps)
Again, we shouldn't really exceed 80% of the battery capacity, herefore we only get 50 * 80% = 40 minutes

6) How well does it turn, what is its turning radius?

7) Is it safe to drive? If so, what features make it safe?

Depends on your definition of safe.  Again, I would have to look at the
mechanicals to determine what kind of impact the car can withstand.  There is a harness to keep you somewhat safe and the cover to the cockpit is also a safety mechanism to prevent flying objects from hitting you.  However, the car is probably not balanced properly and could potentially flip at high speeds.
8) What kind of maintenance is required on the car?

Answer: Shocks, tires, brakes, etc....

Power:

9) How long does it take for the cells to charge the batteries?

Tentative answer: 4 hours (or is it 5 hours?)

10) How many hours can you run on the full batteries for?

Tentative answer: 3 hours at 55mph (or is it 4 hours?)

11) How much energy is in the batteries? In Joules?

Given that a lead-acid car battery can store 100amp-hours, a 12-Volt lead-acid car battery can store 12V*100amp-hours = 120 watt-hours. 

With 8 batteries, for the current motor controllor we're using, that means 960 watt-hours for the entire battery array. Conversion from watt-hours to Joules:

1 watt-hour (Wh) = 3.6 * 10^3 Joules,

For 960Wh : (3.6 * 10^3 Joules/Wh) * (960Wh) = 3,456,000 Joules of energy

With 12 batteries, for the current motor controllor we're using, that means 1440 watt-hours for the entire battery array. Conversion from watt-hours to joules:

1 watt-hour (Wh) = 3.6 * 10^3 Joules,

For 1440Wh : (3.6 * 10^3 Joules/Wh) * (1440Wh) = 5,184,000 Joules of energy

(source: http://physics.syr.edu/courses/PHY101.01Fall/lectures/Lecture12.pdf)
Solar array:

12) How do the 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 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 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.
13) What are the dimensions of the solar array? (Metric and other)

The dimensions in inches of the 5 x 14 panels is 55.25 in x 18.75 in
The dimensions of the 5 x 13 panels is 51.5 in x 18.75
There are eight 5x14 panels; four 5x13 panels...
       The arrays is: 75" wide x 162" long = 6.25' x 13.5'
14) What's the cost of the solar cells?

Tentative Answer: They're about $4-$6 per cell, and with 820 cells it puts the entire array at a cost of $3280-$4920. (Are there 820 cells? yes)

15) Why do you need all this surface area on your solar panel, why is it so large?

We need lots of surface area bc we need lots of cells.  When each
cell was new, specs said it output about 3v.  The cell efficiency is
between 12-14%. (We had guessed output of 40 volts per a panel.  That is about 14% efficiency).  Cells on the end panels have been calculated at 210 V and the middle panels are 180 V.  For the batteries to charge, the solar panel output must be greater than that of the batteries (96v), therefore we must have many, many cells to produce an solar panel output that would charge.  Our solar array outputs 104 v at 640ma.

Additional Solar Cell info (provided by Steph – thanks Steph!):

Output of Solar Array?
Our solar array outputs 104 v at 640ma.

What kind of solar panel is on the car?  Monocrystalline. (the most
expensive commercial type and most efficient. The other 2 types are
polycrystaline and amorphous thin film.)

How is the array wired up?
There are 12 panels total.  4 rows, 3 columns.  
3 panels are connected across the columns in series, ---> getting 4 sets of 3 series panels. The 4 sets are connected in parallel.
Motor:

16) What's the gear ratio?

Answer: 2:14 (Motor:Wheel)

17) Ok, so what does that mean, a 2:14 gear ratio?

For every 7 revolutions of the motor, there is one revolution of the wheel. The motor design currently in place attempts to model a lower speed, higher torque motor. RPM is divided by while torque is multiplied by the gear ratio, meaning that as the gear ratio increases, the torque will increase while the speed with decrease. 
>The gear ratio quantifies how fast one gear turns in relation to another, so as the gear ratio increases the amount of times it takes for the larger gear to turn in relation to the smaller gear increases, slowing the speed.
>Torque is inversely related to motor speed in that as the gear ratio increases so does the torque. The torque at work is given by (motor torque*gear ratio), therefore increasing the gear ratio increases the torque.
18) What's the horsepower of the engine?

Tentative Answer: 11hp

19) What kind of motor is it?

Answer: A DC Brushless 3-phase motor with a 144-volt motor controller that is fried and has been replaced with a 108-volt motor controller

20) Why is the drive chain at that angle?

Answer: It's not supposed to be, it should be at a 90-degree angle.

Braking:

21) What kind of braking do you have?

Answer: There are functional hydraulic brakes on the front two wheels, as well as the possibility for rear-wheel regenerative braking.

22) What is regenerative braking? Why use it?

Regenerative braking means that the electric motor can act like a generator, sending power back into the batteries. During deceleration, the kinetic energy makes the motor act like a generator, providing braking torque to the wheels and recharging to the batteries.
Steering and Suspension:

23) What kind of steering is there?

Answer: Rack and pinion, and there's double wishbone front suspension.

24) What's rack and pinion steering?

Rack and pinion steering is a rack and pinion mechanism, connected to each wheel with a tie rod. The rack and pinion does two things: converts rotational motion of steering wheel into linear motion to turn the wheels;
>and it provides a gear reduction, which makes it easier to turn the wheels.
>(thank you, www.howstuffworks.com, How Car Steering Works. there is a
>picture of it there too) The rack and pinion work like this: there is a rack (a long rod with teeth in it that stays still) and a pinion (a little gear with teeth that rolls left/right along the rack as the steering wheel turns). So, you turn the steering wheel, the pinion rolls along the rack, and the wheels turn the direction you intended!
25) What's double wishbone suspension?

Double wishbone suspension is a type of independent suspension (meaning the wheels move over bumps in the road independently) that always keeps the
>wheel perpendicular to the road surface, regardless of the condition of the road. This allows for very good handling. There are two wishbone shaped arms connecting each wheel to the chassis.

26) What's the pressure rating of the shocks? What kind of shocks are they? Why did you pick those shocks?

Answer to the first question: 120psi

27) What's the pressure rating on the tires?

Answer: 100psi

Others:

28) Why alternative energy?

29) What if I wanted a solar powered water heater, how long would the solar panels get the water heater going? (i.e. what's the net wattage of our solar panels?)

From a non-mathematical standpoint, the amount of time the solar water
>panels would get the heater going would depend on how you budget your
>time and the shape of the water heater.  The water heater shape has an
>impact because of surface area.  If the water heater is shaped like a
>long cylinder for example, it is less efficient because of a larger
>surface area.  This is why more and more water heaters are seen today
>with a more compressed almost spherical shape.  The time affects the
>efficiency of the water heater because solar energy is stored during the day.  If you come home from work at night and take a shower and do the dishes, you probably have not saved much energy.  This is because you will use a lot of water that needs to be reheated by an electric energy source rather than solar energy that can be stored during the day.  Solar energy works during the day when the sun is out.  Therefore, if you manage to do your dishes during the day and take a shower during the day then you will save energy because the water that needs to be reheated will do so from the solar panels coming from the sun during the day.  You could also save money by selling the energy you save back to the grid which can turn into points that you can get back later from the electric company.  Therefore the effectiveness of solar energy depends on your lifestyle.
30) How much would it cost to build as compared to a regular car?

The first, totally solar-powered car, the "Bluebird," was built by Ed
>Passerini, in 1977. Mr. Passerini has also built several other small,
>lightweight, and relatively low-cost (under $10,000) solar cars. At the other end of the spectrum, are solar cars equipped with
>advanced technology and built with the backing of large automobile
>manufacturers, including General Motors (GM), Ford, and Honda.  Some
>solar cars use silver-zinc batteries, which have several advantages over traditional lead-acid batteries: they are lighter, are more efficient, and accept higher rates of charging. However, they are very expensive, and may only be charged and discharged (cycled) a few times before they become unusable and require recycling. While most developers use crystalline silicon cells in their designs, GM has used the higher efficiency, but more costly, gallium arsenide cells. GM's Sunraycer has a 90 square-foot (8.4 square-meter[m2) curved
>solar array integrated into the tear-dropped shaped body of the car. GM spent $8 million developing the Sunraycer.
> 
>I reviewed a lot of different prices that ranged from less than $10,000 dollars to $800,000 dollars.  I found the average price to be about $29,700 for a solar car.  Therefore, depending on the materials used, the price can range significantly. 

>Compared to the average price for a regular car about $15,000-$20,000
>dollar the solar car is more expensive (the average price).
31) Will this replace gas-powered cars?

Tentative Answer: This solar model might not necessarily replace gas-powered cars, but hybrid cars or electric/fuel cell cars could.

32) Could you tell me more about hybrid/electric cars?

When you accelerate, initially the electric motor and batteries provide
>all of the power. The ring gear of the power split device is connected to
>the electric motor, so it starts to spin with the motor. The planet
>carrier, which is connected to the engine, is stationary because the
>engine is not running. Since the ring gear is spinning, the planets have to spin, which causes the sun gear and generator to spin. As the car accelerates, the generator spins at whatever speed it.  Once you reach about 15 mph (24 kph), the gasoline engine will turn on.  The generator suddenly changes speed, causing the planet carrier to turn and start the engine. Once the engine is running, it settles into a constant speed
>while the generator varies its speed to match the output speed with the electric motor. If you are really accelerating hard, the motor will draw extra power from the batteries. Once you are up to freeway speed, the car will move under a combination of gas and electric power, with all of the electricity coming from the generator.
>Like the Insight, the Prius never needs to be recharged; the onboard
>generator automatically maintains the proper level of charge in the
>batteries
33) So if solar cars aren't going to replace the cars we have now, what's the point in building them and putting so much money and effort into them?

We put so much money and effort into them with the hopes that there will be some innovation that can help create a new technology that will get more electric/hybrid cars on the road. And, building a solar car is a welcome challenge to us!
