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Executive Summary  
The Advanced Energy Vehicle (AEV) Project proposed a problem to Lab Team B that requires project 

management and teamworking skills in order to solve. Given a kit containing the basic parts, the lab 

would be completed by the successful construction of a vehicle for the monorail track. The weekly 

deadlines approach very fast, which requires excellent communication and time management skills. 

However, the lab team was able to handle this effectively by holding weekly team meetings and a group 

message to discuss any ideas that a group member may have.  

 

After preliminary labs that taught the lab team essential skills and information regarding the operation 

of the AEV, the labs began allowing students to demonstrate more creativity with freedom to make 

decisions as they please. Prior to performance testing, the labs guided the lab team to collaborate and 

decide upon design ideas. The purpose for finding the “best fit” is to complete the project while meeting 

the needs of the Mission Concept Review (MCR). As stated in the MCR, the vehicle must travel on the 

monorail track to pick up and transport the R2D2 units, while operating cost and energy efficient. The 

final design must operate properly and demonstrate an energy/mass ratio that meets the requirements.  

 

The performance tests have displayed the differences between designs both qualitatively and 

quantitatively. For example, the vehicles were analyzed based on their weight, balance, and simplicity 

while data was also collected regarding power and time. Once constructed, each design ran on the test 

track with the code that the lab team developed to get the AEV to the first gate. Observations and data 

analysis allowed results to be constructed regarding the design. One of the biggest decisions made was 

the switch from a T-shaped base, to a plus sign shaped base.  

 

Other than some minor tweaks, the physical design components are complete. Moving forward, the 

main goal is to develop a successful code that will run under all conditions and consistently. The code 

should still work even if the battery is running lower on power, which the lab team decided may be one 

of the obstacles moving forwards with the code development.  
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Introduction 

The goal of the AEV project so far has been to design an energy efficient vehicle that will navigate the 

course as outlined in the Mission Concept Review (MCR). Over the course of Labs 1-6, the team 

practiced constructing code for the vehicle to run as well as designing the vehicle based on data 

collection and according to the team’s determined criteria. Essentially, the labs leading up to 

Performance Test 1 laid the groundwork for the team to successfully begin testing and troubleshooting 

its drafts of code and design for the final AEV.  

 

The purpose of this report is to summarize how the takeaways from Labs 1-6 translated into the final 

two prototypes used for Performance Test 1 and how the team has evolved over the course of the 

project. There will be discussion of the two designs as well as how the configurations and code were 

tested during the first two performance tests. The team will also look ahead to the future with a group 

schedule. 

 

Experimental Methodology 
Over the last several weeks, each week has been dedicated to evolving the AEV design process through 

labs constructed to teach each group the essential skills necessary to produce an energy efficient final 

AEV product. The first step in this process was to develop potential design concepts. In order for each 

member of the group to create a unique design that met the team’s goals for the final product, early 

labs were used to determine the best practices to create an efficient final design. For example, wind 

tunnel testing in Lab 2 was important for determining the desired propeller configuration. Each early lab 

represented individual parts to the creating an all over effective final design. The designs were drawn in 

orthographics in Lab 3 and combined to a group design featuring the best configurations based on the 

earlier lab data as seen in Figure 1. For more details on the data collected in the earlier labs see the Lab 

Manual for Labs 1-4. 

 

Figure 1: Orthographic of Design D 
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After the initial labs provided the team with enough base data to create testable designs, the 

next labs and Performance Test 1 was focused on using testing to determine which design was 

most effective in practice. In Lab 5, the testable designs were finalized using the concept 

screening and scoring matrices and put to the test on the track in the following labs. The first 

step to testing these designs was creating a code for testing, the code was developed to take 

the different designs around the first quarter of the track as shown by the blue line in Figure 2. 

 

Figure 2: Track Layout: Outside Track 

 

Using the code developed and the two test designs, the next step in testing was to have an 

accurate and quantitative way to document the necessary aspects of the final AEV design. Using 

the AEV Analysis Program as shown in Figure 3, initially introduced in earlier labs to develop the 

most efficient power settings, the team was able to run each test design and use the program 

to analyze the results of each run, in terms of energy output and efficiency. The final result of 

each lab was to give the group enough data and tools to determine the most efficient design for 

meeting the requirements of the MCR and team goals and continue on to Performance Test 2. 
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Figure 3: AEV Analysis Program Set Up 

Results  
The group’s first AEV prototype prioritizes balance and stability by using the plus-shaped board and 

concentrating the arduino controller and both propellers/motors in the center of the configuration. The 

board is orthogonal to the support beam and the propellers operate in a pusher configuration using the 

3 inch propellers. Prototype one can be seen below in Figure 1.  

Figure 1: AEV Prototype 1 

 

The group’s second AEV prototype is configured very differently than the first, and it is designed with 

the intent to minimize air resistance on the vehicle. By having the board hang parallel to the support 

arm instead of orthogonal, the team predicted that the AEV would be more aerodynamic and that this 

would in turn make the vehicle more efficient with its energy consumption. Unlike the first prototype, 

the second is not stable and centered. The arduino controller and propellers/motors are spread out over 

the configuration because of the T-shaped board used to construct this model. Prototype two can be 

seen below in Figure 2. 
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Figure 2: AEV Prototype 2 

 

The four designs that were brainstormed in Lab 4 evolved into these final two AEV prototypes using in 

Performance Test 1 using a combination of the criteria established with the screening and scoring 

matrices shown below in Tables 1 and 2 as well as observations taken by running the two highest scoring 

initial designs on the track. Natalie’s design from Lab 4 (Design C) performed very well both in the 

screening and scoring matrices as well as on the track and the team decided to use her design as one of 

the final prototypes (prototype 1). The other prototype, prototype 2, was designed from scratch with 

motivation to both incorporate the team’s original criteria of simplicity and stability as well as to digress 

a little from the original 4 designs and try to construct something with a completely different 

configuration that would be more aerodynamic. 

 

Table 1: Concept Screening Scoresheet 

 Reference A Design B Design C Design D 

Success Criteria Rating Rating Rating Rating 

Weight 0 0 + + 

Center of Gravity 0 - + + 

Balance on the track 0 - + + 

Ease of Connection 0 - + + 

Simplicity 0 0 + + 

Durability 0 0 - - 

Sum +'s 0 0 4 5 

Sum 0's 6 3 0 0 

Sum -'s 0 0 1 1 

Net Score 0 0 3 4 

Continue No No Yes Yes 
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Table 2: Concept Scoring Matrix 

  

Reference 

A  

Design B 

 Design C  Design D  

Success 

Criteria Weight Rating Weight Rating 

Weight 

Rating 

Weight 

Rating Weight 

Weight 20% 3 0.6 3 0.6 4 0.8 4 0.8 

Center of 

Gravity 20% 2 0.4 1 0.2 2 0.4 3 0.6 

Balance on 

the track 25% 2 0.5 1 0.25 3 0.75 4 0.8 

Ease of 

Connection 5% 4 0.2 3 0.15 4 0.2 5 0.25 

Simplicity 15% 4 0.6 4 0.6 5 0.75 5 0.75 

Durability 15% 4 0.6 4 0.6 3 0.45 3 0.45 

Total Score 

 

3.16666 

 2.9 2.666 2.4 3.5 3.35 4 3.65 

Continue?  no  no  yes  yes  

 

 

Figures 3, 4, 5, and 6 illustrate the Power vs. Time and Power vs. Distance graphs for each AEV 

prototype. Both AEV’s ran the same code for Performance Test 1 so the phases are similar, but the 

differences are in the smoothness of the plot and the level of power used at each phase. 
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Figure 3: Power v. Distance for Prototype 1        Figure 4: Power v. Time for Prototype 1 

 

 
Figure 5: Power v. Distance for Prototype 2                Figure 6: Power v. Time for Prototype 2 

 

 

The first prototype design ran more controlled and steady with the code. The second prototype design 

ran faster, but was very unbalanced on the track especially when turning. The difference in the stability 

of the runs is illustrated in the graphs of Power vs. Time and Power vs. Distance for both prototypes. 

Figures 3 and 4 above graph the run data from prototype 1 and Figures 5 and 6 graph the run data from 

prototype 2. The graphs for prototype 2 are much more choppy than the graphs for prototype 1 which 

represents the unsteadiness of the design that the team observed. Prototype 2 also operated at a higher 

overall power level than prototype 1 which means that it consumed more energy. These observations 

and data collections align with what the group was expecting. 

 

Tables 3 and 4 below show the energy breakdown during the run for each prototype AEV. The 

breakdowns show that prototype 1 consumed less energy for each phase of the code compared to 

prototype 2. A sample calculation (one of the calculations that was used to construct the energy 

breakdown tables) for AEV prototype 1 during phase 4 at time 8.552 seconds is as follows: 

 

Time  t = t e
1000  8.522 st = 1000

8522 ms =   
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Distance  0.0124 arkss =  * m  0.0124 45 marks .518ms =  * 4 = 5  

 

Position  0.0124 oss =  * p  0.0124 45 pos .518 ms =  * 4 = 5  

 

Current  ) )I = ( I  E
1024 * V E * ( 1

0.185 V olts  ) .46 V ) 87 AI = ( 1024
67 counts * 2 * ( 1

0.185 V olts = .  

 

Voltage V = 1024
15 V  * E  .115 VV = 1024

15 554* = 8  

 

Supplied Power P = I * V 87 A .115 V .06 WP = . * 8 = 7  

 

Incremental Energy  t  )E J = 2
P  +P  j j+1

* ( j+1 − t j   

 8.582 s .522 s) .42 JE J = 2
7.06 W  +7.06 W * ( − 8 =   

 

Table 3: Phase break down of Supplied energy for AEV Prototype 1 

Phase Arduino Code Time (s) Total Energy (J) 

1 
 

motorSpeed(4,25); 
goFor(2); 

0-1.9 (1.9 s) 11.156 

2 motorSpeed(4,20); 
goToAbsolutePosition(394); 

1.9-7.562 (5.662 s) 24.349 

3 reverse(4); 7.562-7.922 (.36 s) 2.659 

4 motorSpeed(4,30); 
goFor(1.5); 

7.922-9.2 (1.278 s) 7.657 

5 brake(4); 9.2-11.882 (2.682 s) 0 

 

 

Table 4: Phase break down of Supplied energy for AEV Prototype 2 

Phase Arduino Code Time (s) Total Energy (J) 

1 
 

motorSpeed(4,25); 
goFor(2); 

0-1.9 (1.9 s) 14.24 

2 motorSpeed(4,20); 
goToAbsolutePosition(394); 

1.9-7.562 (5.662 s) 31.37 

3 reverse(4); 7.562-7.922 (.36 s) 2.32 

4 motorSpeed(4,30); 
goFor(1.5); 

7.922-9.2 (1.278 s) 8.88 
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5 brake(4); 9.2-11.882 (2.682 s) 2.53 

 

 

Performance Test 1 affected the team’s design process because it affirmed the team’s confidence in 

prototype 1 which was the design that prioritized balance on the track. The data collected from the run 

showed that prototype 1 runs much more efficiently with energy consumption than prototype 2. As the 

group progresses into the next Performance Tests it will be a priority to collect and analyze the data just 

as it was collected in Performance Test 1. 

 

For both AEV prototype designs the team used the 3030 Pusher propeller configuration that was tested 

in System Analysis Tests 1-2 performed in Lab 2. Figure 7 below shows the system efficiency versus the 

advance ratio for the specific propeller. The knowledge gained from the System Analysis Tests enhance 

our understanding in the AEV’s performance because the team can see how efficiency is higher for a 

higher advance ratio. 

 

Figure 7: Propulsion Efficiency vs. Advance Ratio for 3030 Pusher. 

 

Discussion 
Analyzing the data, it can be shown the Prototype 1 is a more successful design for meeting the criteria. 

Looking back on the results, it is seen in the graphical data and visually confirmed that the Prototype 1 

relates the most to what characteristics have been prioritized in the previous lab experiments. Moving 

forward, the numerical data of total energy proves the statement that Prototype 2 was less efficient 

than Prototype 1. In addition, the graphs of Power vs. TIme and Distance show the unsteadiness of 

Prototype 2 being more prominent than Prototype 1. All of this only reaffirms the fact decision to 

delegate Prototype 1 as the design.  

 

Possible errors that could occur were in fact that the propellers on Prototype 2 were incredibly close to 

the top of the track, indicating that if a collision were to have occurred, it could have disrupted the data. 

If Prototype 2 was edited were the propellers were lower on the model, the data would have the 

possibility of improving. Similarly, another error could be that Prototype 2 was always tested after 
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Prototype 1, meaning the battery had been run on several times. Although the group does not have data 

to prove this being a significant issue, it is important to address the possible scenario.  

 

Conclusion and Recommendations  
Develop a thoughtful yet concise conclusion from the results obtained in the lab.  

Select a design with which the group will proceed and defend the group’s selection with experimental 

results.  

(REASONS FOR INCOMPLETENESS / RESOLVING ERROR / RECOMMENDATIONS) Provide any 

recommendations for future lab analysis and/or reasons for incompleteness of the performance test.  

 

In conclusion, an overall consensus was determined for the progression of the AEV production and 

design to move forward with the first prototype design. In summary, the results given by Performance 

test one concluded the overlying ideal that balance and design structure of the AEV is the key 

component in the success on the track. When researched more in depth, it can be found that most other 

conscientious factors that are taken into account when modeling an AEV can all lead back to balance. 

For example, an AEV cannot have acute control, effective aerodynamic design, and common center of 

gravity without requiring decent to above average balance. Therefore, it has been concluded as a team 

that to improve all aspects of the model, the core characteristic, balance, was perfected.  

 

Moving forward, the design that will be continuing further in the experiment is Design 4 (the last model 

in the Screening and Scoring Matrix). Through thorough evaluation and several runs on the track, it was 

proven to be the most successful in all important categories the team stresses. For a synopsis, the 

design, in brief, is a cross base containing a horizontal battery with propellers perpendicular to the cross 

section, all sitting below an L shaped arm, also perpendicular and centered along the vertical. If it may 

not be so clearly described, the sharp angles and cross sections the AEV obtains allows for clean and 

precise bodies of mass on either side of the vehicle. Not only does this enhance the main goal of 

balance, but in turn unearths the idea of simplicity. It is the job of the team to design and create a model 

easily interpreted. While being interpreted by a group member is one case, being able to clearly depict 

the model to an outside audience and have a clear understanding of the basic model is essential. In 

addition, if an error while troubleshooting were to occur, the simplicity factor will in turn benefit any 

issues affecting the overall balance.  

 

Until this point, the lab has been completed in full. Moving forward, recommendations are condensed 

mostly in the previous topic discussed earlier in the term on the topic of brainstorming. Although the 

design moving forward is in fact efficient and productive, the team ultimately recommends that digging 

deeper into the creativity sessions could possibly spark an idea with similar qualities being achieved right 

now, with the addition of benefits. What stood out in the oral presentations is the expansion each 

engineer has taken with the single idea. Overall, while it is not recommended to ignore traditional 

elements, it is encouraged to stray and expand on unfamiliar techniques.  

 

Appendix  
Schedule 
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Task Teammates Start Date End Date Percentage 
Completed 

Draft distance 
based code and 
time based code 
for Performance 
Test 2 

Natalie, Allison 2/12/2017 2/15/17 75% 

Update the 
team’s  project 
portfolio website 

All 3/28/2017 4/21/2017 (due) 20% 

Test and 
troubleshoot the 
codes during 
Performance Test 
2 

All 3/24/2017 3/28/2018 0% 

Collect data from 
the runs of PT-2 
and upload into 
MATLAB 

Stefanie, Kayley 3/24/2017 3/28/2017 0% 

Write progress 
report for Lab 10 

All 3/22/2017 3/31/2017 0% 

Create solidworks 
assemblies of the 
AEV’s 

Stefanie 3/10/2017 4/7/2017 35% 

Work on CDR final 
report and 
prepare for final 
Oral Presentation 

All 3/28/2017 4/19/2017 (due) 0% 
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