Intro
This design report is being submitted to the course professor, Dr. Marlene Lundy, for the CCDP 2100A requirements. The purpose of this assignment is to explore a more affordable way of transportation that will ultimately be better for the environment. The EZ Drive team is proposing the electric car as a solution to vehicles creating greater than half the carbon monoxide, nitrogen oxide and a quarter of hydro carbons released into the air per year [1]. 
This report will be focusing on the subtopic of the traditional internal combustion engine (ICE) and its downside compared to the electrically propelled engine. Throughout the report, two questions related to the subtopic will be answered using specific engineering principles to help explain and answer the questions in full detail. The following section will explain the context of the electric car and explain its economic and environmental impact. The Technical Overview will then describe what the electric car is, how the electric car will work, provides the EZ drives group component and the answering of the individual research questions that correlate to the subtopic ICE engine. The conclusion will close with a summary of the findings, explanations explained throughout the report. The key terms used in the following sections will be located in the Glossary to provide a more thorough understanding.
The electric car: economic and environmental context
An electric car is mode of transportation that is very safe for the environment and a great way to save money. These motors are powered by rechargeable battery packs which take between 4 to 8 hours to charge fully or 30 minutes to charge to 80% by quick charging if the car offers this feature. Although the charging time may be longer compared to fueling a traditional car engine, the cost to charge the electric car is much cheaper than purchasing the fuel. Electric cars also do not have to pay for as much for maintenance as a traditional (ICE) engine. Since the motor is fully electric, it means that oil and filter changes will not apply [2]. Another great attribute of the electric car is its environmental benefits because it does not emit any tailpipe pollutants. The efficiency of an electric car is also far greater than that of an ICE because it only coverts 17%-21% into electrical energy, while an electric car converts 59%-62% [3]. 
Technical overview 
The following section will provide an overview of the electric car that the EZ Drive team has specialized in. It will contain the subtopics each member from the group specialized in as well as an individual component explaining the Internal combustion engine relative to the electric car engine. 
The electric car 
 	An electric car is a type of vehicle that is made up of an electric battery for energy storage, an electric motor and a controller as shown in figure 1. The battery cell Is charged either through a plug from a home or a charging station made specifically for electric vehicles [3]. These batteries can be made up of Lithium Ion, Nickel Metal Hydride, Lead Acid or Ultracapacitors all having their strengths and weaknesses [4]. The battery energy is transferred to the controller using connecting cables. The controller measure how much the pedal is compressed and supplies the electric engine with the correct amount of power needed. This type of controller is typically known as a two-quadrant controller for forwards and backwards. Some more expensive electric vehicles use regenerative breaking which utilize the kinetic energy and return power back to the battery. If the electric vehicle uses regenerative breaking the controller is known as a 4-quadrant controller for collecting energy while forward and while backwards. The power that is then collected by the engine from the controller is then sent to the transmission to turn the wheels on the car [2].  
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The rest of section 2 will show each members’ subtopics along with their questions and engineering principles. It will then move into the individual subtopic of the internal combustion engine in which this design report will be focusing on. 
Group component   
It is important to look at each component of the electric car to get a full understanding of how the miraculous piece of technology works. Power storage, energy transfer, power regeneration and aerodynamics are all key components that make the electric car what it is today. After looking at these components it is then important to see how it compares to the internal combustion engine. Table 1 is a chart that breaks down what each member in the EZ Drive group specialized in, questions that relate to their subtopics and the engineering principles that apply to each.  





	Name & Subtopic 
	Relevance
	Research Questions (2)
	First Principles

	Jake Anderson - 
Regenerative
Braking 
	Higher efficiency. The car will effectively self charge and allow for longer trips.
	How does the momentum of a vehicle affects the magnitude of the regeneration process?

How does the machine convert motion of the vehicle into chemical energy stored in the battery
	Momentum Equation
P = mv

Kinetic energy = mv^2/2


	Zachery Barber - Aerodynamics
	High Speed Efficiency. This is relevant because by reducing the amount of work the motor does the further the car will travel. Applying active aerodynamic features  and using specific materials will help achieve this.
	How can active aerodynamic innovations be used to increase efficiency? 

What material would be best suited for manufacturing this car?   
	
Downforce and Drag


Density

	Keegan Gauthier - Batteries
	The battery stores the electricity necessary to power the vehicle.  The vehicle relies solely on stored electricity for power, therefore eliminating the need for fossil fuel use with that vehicle.
	How much potential energy can the battery store?

What is the range that a fully charged battery can achieve, compared to the range of a full tank of gas in a regular vehicle?
	Electric Potential Energy



Ohm’s Law

	Seth Klein - Internal Combustion Engine (ICE).
	The Problem. More people are driving than ever before and that means more pollution. There are too many downsides to the ICE engine for it to be the most effective engine. 
	How does the engine works?




How much does the engine pollute?
	Combustion 

Biogeochemical cycle 


	Neal Wallisch - Ms
	The motor transfers electrical energy into kinetic energy propelling the vehicle forward.  
	How is torque generated?

What is the efficiency of an electric motor?
	Relationship between current and torque.
nmotor = Pout  / Pin






Individual 
The subtopic that is being focused on is the internal combustion engine. It is important to look at the internal combustion engine so it is easy to find the downsides compared to an electric engine. It is also important to look at the internal combustion because of its major differences to the electric engine. It is easier to understand how the engine works with electricity if the knowledge about the internal combustion engine is known.  The two research questions are:
1. How does the internal combustion engine work?
2. How does the internal combustion engine pollute?
 The engineering principles that help answer these questions are combustion and the biogeochemical cycle. The principles will be explained and applied in the next two sections bellow. 
Combustion
The first principle that relates to the question “How does the engine work” is combustion. Combustion is a process that occurs in many traditional car engines which therefore gives the name “internal combustion” to the engine.  Combustion is characterized by a burning that takes place inside the piston of an internal combustion engine. The piston, located on Figure 1, contains fuel, Oxygen and heat, which are then compressed and ignited by the spark plug to produce a byproduct of heat and exhaust. Once the micro explosion occurs, the reaction pushes down on the piston which then powers the crankshaft located in Figure 1 [1]. The exhaust is then released from the engine and become very hazardous for the environment. 
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