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Abstract:

This document contains an analysis of the different types of engine that can be used by the SkyBot autonomous vehicle for the Pikes Peak Robot Hill Climb race. The Trade Study has been performed by Bradley Wilson, Harry Ulrich, Kumaraswamy Mydalas Srikantappa, Malarvizhi Velappan, and Shivani Pandey. The team recommends the gasoline engine as a result of the analysis conducted in the Trade Study.
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1.
Introduction

This document recommends an engine type for use by the SkyBot autonomous vehicle in the Pikes Peak Robot Hill Climb race. Six candidate engine types have been identified: gasoline, electric, gasoline–electric, ethanol, solar and diesel. These candidates were analyzed with respect to four quality attributes: safety, power, reliability and cost

1.1
Background

The race course is a 12.4 mile race, some downhill, with +/- 10% grades, 156 corners, many of them hairpins, and 2,000 foot cliffs with no guardrails. It is a 4,710 foot climb from the start line to a summit of 14,100 ft.
There are a number of competitors already registered for the race, representing a wide variety of institutional and research related activities.  They have experience in other autonomous vehicle races including the DARPA Grand Challenge.
2.  
Candidate Solutions
The following section identifies and defines the candidate engine types and the criteria used to make our selection.
2.1
Gasoline
Gasoline engines are found in the majority of cars around the world.  This will be the most readily available.

2.2
Gasoline-electric
The gasoline-electric engines were designed to reduce emissions and improve gas mileage and are becoming more popular in recent days.
2.3
Electric
The electric engine is battery powered; therefore the engine does not emit waste.  However, this type of engine is not readily available and is not typically as fast or powerful as the gasoline-related engines.
2.4
Solar
The solar-powered engine relies heavily on sunlight.  Therefore, it is not as reliable as its gasoline-related counterparts in adverse weather conditions as in Pikes Peak during the time of the race (predicted weather conditions : average high temp – 74∙ F; average low temp – 45∙ F; Cooling 4∙ F every 1000 ft gained; Precipitation – 1.23 inches per month)
. Also, it lacks power in the same comparison. 
2.5
Ethanol
An ethanol engine is similar to a traditional gasoline engine. However ethanol is mixed with gasoline to reduce emissions and reliance on oil-related fuels in ethanol engines.  Although the performance is identical, the availability of this engine is an issue.
2.6 Diesel
Modern technology has improved diesel engines in terms of mileage efficiency and performance, making it an attractive option.  However, in the United States, diesel engines are more common in larger, more labor-intensive vehicles.
3.
Quality Attributes

The following lists the quality attributes that we used in our analysis of the engine types.  They are listed in order of impact on the decision.

3.1 Safety

Rationale/Reason: 
3.1.1. Safe handling of the engine is a necessity to ensure safety of the participants and the bystanders. 
3.1.2. The engine shall be capable of being paused or disabled through the E-stop transmitter. 
3.1.3. The engine fuel shall be approved by the United States Department of Transportation.   
Scoring: Linear score 1-10: The less flammable the engine fuel, the higher the engine fuel safety score. 
Linear score 1-10: The higher the control on the vehicle, the higher the engine control score. 
Linear score 1-10: The lesser the environmental impact such as emissions and noise pollution, the higher the score. 
3.2 Power 
The engine shall generate enough power to propel the vehicle up the Pikes Peak at a maximum speed of 30 mph. 
Scoring: Linear score 1-10: The goal is to win the race, so the higher the engine horsepower and torque, the higher the score.

3.3 Reliability

3.3.1. The engine shall be available for operation at least 6 weeks before the race.  
3.3.2. The engine shall have 99.9% probability of operating for two hours at the defined maximum speed limit of 30 mph during adverse weather conditions (average high temp – 74∙ F; average low temp – 45∙ F; Cooling 4∙ F every 1000 ft gained; Precipitation – 1.23 inches per month) at high altitudes(14100 feet)
.   
3.3.3. In the event that the engine requires maintenance, the expertise and technology needed to continue operating the engine shall be similar to that of an everyday car engine.  
Scoring: Linear score 1-10: The easier and quicker the engine is available for purchase, the higher the availability score.
Linear score 1-10: The lower the percentage probability of failure, the higher the reliability score. 
Linear score 1-10: The easier the engine is to maintain, the higher the maintainability score. 

3.4. Cost

The SkyBot team has been sponsored USD 100,000. The purchase, customization and maintenance of the engine shall not exceed USD 15,000.   
Scoring: Linear score 1-10:  The lower the cost, the higher the score.
4.
Analysis and Evaluation
The following identifies section weights the attributes, provides the detailed evaluation and determines the weighted scores for each proposed engine.

4.1
Weighting and Scoring

The following table provides a summary of the relative weighting and scoring used for each of the alternatives considered in engine selection.
	Trade Variables
	Sub Variables
	Scale
	Score  Range
	Weight
(Percentage)
	Total Weight

	Safety
	Fuel safety
	Linear
	1-10
	10%
	30%

	
	Control
	Linear
	1-10
	15%
	

	
	Environmental impact
	Linear
	1-10
	5%
	

	Power
	 
	Linear
	1-10
	25%
	25%

	Reliability
	Availability of engine in market
	Linear
	1-10
	15%
	35%

	
	Reliability of engine
	Linear
	1-10
	15%
	

	
	Maintainability of engine
	Linear
	1-10
	5%
	

	Cost
	 
	Linear
	1-10
	10%
	10%


Table 1 - Relative Weighting and Scoring
4.2 Evaluation

The following shows the evaluations and outcomes for each engine/fuel type.  Each attribute has been assigned a weight.  Each engine type has also been scored for each attribute.  A weighted score is then calculated and then summed to determine the total weighted score.  The highest score identifies the best solution. 

	Trade Variables
	 Sub Variables
	 Weight
	 

Gasoline
	 

Gasoline-electric
	 

Electric

	 
	 
	
	Raw Score
	Weighted Score
	Raw Score
	Weighted Score
	Raw Score
	Weighted Score

	Safety
	Fuel safety
	0.1
	6
	0.6
	7
	0.7
	9
	0.9

	
	Control
	0.15
	6
	0.9
	7
	1.05
	8
	1.2

	
	Environmental impact
	0.05
	3
	0.15
	7
	0.35
	9
	0.45

	Power
	 
	0.25
	10
	2.5
	8
	2
	7
	1.75

	Reliability
	Reliability
	0.15
	9
	1.35
	9
	1.35
	8
	1.2

	
	Availability
	0.15
	10
	1.5
	7
	1.05
	5
	0.75

	
	Maintainability
	0.05
	10
	0.5
	9
	0.45
	8
	0.4

	Cost
	 
	0.1
	9
	0.9
	4
	0.4
	2
	0.2

	Total Weighted Score
	 
	 
	 
	8.4
	 
	7.35
	 
	6.85







Table 2 – Weighted Decision Matrix 
	  Trade Variables
	 Sub Variables
	 Weight
	 

Ethanol
	 

Solar
	 

Diesel

	 
	 
	
	Raw Score
	Weighted Score
	Raw Score
	Weighted Score
	Raw Score
	Weighted Score

	Safety
	Fuel safety
	0.1
	7
	0.7
	10
	1
	6
	0.6

	 
	Control
	0.15
	6
	0.9
	9
	1.35
	8
	1.2

	 
	Environmental impact
	0.05
	8
	0.4
	10
	0.5
	4
	0.2

	Power
	 
	0.25
	9
	2.25
	5
	1.25
	10
	2.5

	Reliability
	Availability
	0.15
	8
	1.2
	4
	0.6
	7
	1.05

	 
	Reliability
	0.15
	4
	0.6
	1
	0.15
	7
	1.05

	 
	Maintainability
	0.05
	4
	0.2
	3
	0.15
	9
	0.45

	Cost
	 
	0.1
	3
	0.3
	1
	0.1
	8
	0.8

	Total Weighted Score
	 
	 
	 
	6.55
	 
	5.1
	 
	7.85


Table 3 – Weighted Decision Matrix
5. Trade Study Conclusion

The trade study results for the engine which best meets our requirements leads us to a close comparison between diesel and gasoline engine. 

We observe that a diesel powered engine has difficulty in starting in cold weather conditions which makes them less beneficial in terms of reliability.

Gasoline engines best cover the quality attributes of power, reliability, and cost.  Despite the fact that the gasoline engine scores lowest in terms of safety, it does not discriminate itself as a prohibitively unsafe choice. On the whole, the higher scores in cost, power, and reliability present gasoline engines as the most satisfactory choice for our race vehicle participating in the Pikes Peak Hill Climb race. 
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