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ABSTRACT 

This jig was built for the Formula SAE team and designed to allow for testing of the ergonomic 

placement of cockpit controls which have a strong influence on the frame design. With 

ergonomic and efficient placement of controls the driver will not only be more comfortable, but 

will be more effective within the chassis during competitions which should result in a more 

successful finish at the competitions. 

 

INTRODUCTION 

BACKGROUND 
 

Formula SAE® and Baja SAE® are student design competitions organized by SAE International 

(formerly Society of Automotive Engineers). The concepts behind these SAE teams are that a 

fictional manufacturing company has contracted a design team to develop a small race car. The 

prototype race car is to be evaluated for its potential as a production item. The target marketing 

group for the race car is the non-professional weekend racer. Each student team designs, builds 

and tests a prototype based on a series of rules whose purpose is both to ensure onsite event 

operations and promote clever problem solving. (International, 2013) 

The strategy behind building these vehicles is that not only must the vehicle be engineered to 

perform well, but it must also be considerate of the driver behind the wheel so that they are 

comfortable inside the frame of the car (cockpit). The driver must be able to reach the controls 

with ease and maintain a proper line of sight to be aware of their surroundings during the 

competition. Each team is required by the rules to fit the 5th percentile female up to the 95th 

percentile male within the vehicle for operation. This brings up the issue of ergonomics. 

This jig is unique to the Formula team mainly because of the seating position. The Formula team 

utilizes a unique seating position in which the driver is reclined at a 45° angle with their feet 

approximately an inch above the driver’s bottom. This seating position ultimately makes the 

wheelbase longer which is something that the Baja team does not do. Formula Baja strives for a 

wheelbase as short as possible for off-road maneuverability requiring the driver to be seated 

practically vertical at a 90° angle.  

 

ERGONOMICS 
 

Ergonomics is also known as Human Factors, which is a term used to describe the abilities, 

limitations and other cognitive characteristics of humans which ultimately affects the design and 

operation of equipment, systems, tasks and environments. The size differences between the 5th 

percentile female and the 95th percentile male are complex; this not only includes the individuals 

height, but also other body dimensions such as limb length, hip width, shoulder width, range of 

motion for their joints and also their weight. To have a successful product one must take into 

consideration the capabilities and limitations of this range. If an item is designed to fit only a 
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certain percentile of a certain sex then the market for this particular item has significantly been 

reduced and in theory would be impractical to manufacture. 

 

 

PROBLEM 

Cockpit control locations are determined mathematically by using the provided SAE body 

dimensions for the 95th percentile male and 5th percentile female. Knowing these lengths the 

team designs the controls and placement is incorporated into the frame design. There is no way 

to verify or fine tune the locations for the current team and the published data does not always 

agree with actual collected data. 

 

INITIAL DESIGN 

The focus of this design project is to design an ergonomics jig in which all of the main 

components the driver interacts with during the competition not only meet the requirements set 

by the SAE board, but is also adaptable to more efficiently locate the vital controls for the 

current team. This jig will have a fixed seat angle, the steering assembly can move vertically in 

the (Y) direction, and the pedal assembly will move horizontally in the (Z) direction based upon 

the needs determined from the first customer survey.   

 

BENCHMARKING 

Figure 1 is the Red Bull 

F1 simulator. This device 

is only intended for use 

with a game system 

connected to a television. 

However this simulator 

would not withstand 

being stored during the 

year with the materials it 

is made from. There is no 

manual gearbox shifter 

and it has 3 pedals which 

the team does not use. 

  
Figure 1: Red Bull Simulator 
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CUSTOMER FEEDBACK, FEATURES AND OBJECTIVES 

CUSTOMER FEEDBACK 

SURVEY 1 

Based on the feedback received, the intent of the car is a means for performance during short 

runs and comfort is not a high priority. The team will use small amounts of foam in selected 

areas to pad a specific area that may be of discomfort. For performance and accommodation of 

different drivers they specified that moving the larger mass (driver) is not an option for it will 

throw off the dynamics of the entire vehicle so they focus on moving the smaller masses. For 

their vehicles the seat is fixed within the vehicle as well as the steering wheel. The only moving 

components within their vehicle are the pedals which they have designed to rotate on a shaft or 

to move linearly in a track. 

The survey confirmed that the seating position was reclined to reduce the center of gravity with 

the drivers arms bent forward to grasp the steering wheel. The driver is required to use wrist 

restraints in case of a roll over to prevent injury. While the pedal assembly is adjustable the 

survey results indicated that heel stops for the driver were an essential aspect to help alleviate 

any ankle fatigue during the short run in the vehicle (less than 30 minutes). 

SURVEY 2 

Based on the feedback from this survey, I was able to determine that using the weighted rating 

method, aluminum would be the material of choice for this jig. Aluminum compared to wood has 

a greater longevity, corrosion resistance, weathering resistance, and reduced weight and size due 

to the nature of its increased strength. While more advanced materials such as composites like 

carbon fiber or lightweight metals like Titanium could have reduced the weight and increased the 

strength of this jig, but due to budget limitations this was not a feasible option. The results from 

this survey can be seen in Appendix C. 

FEATURES 
Based upon survey feedback the product needs to be: 

 Safe 

 Easy to Use 

 Easy to Adjust 

 Quick to Adjust 

 Reliable 

 Durable 

 Quiet to Operate 

 Repeatable 

 Able to Offer Easy Data Collection 

 Easy to Clean 

 Easy to Maneuver 

 Resistant to Sunlight, Cold, Water, Decay 
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OBJECTIVES 
Based on the surveys, the product objectives are the list of features that are taken into 

consideration. The customer features were gathered from the results of the survey which was 

based on a 5 point scale rating their importance. The features which were the most important to 

the team were researched and incorporated into the design. The following is a list of product 

objectives and how they will ensure that the goal of the project is met. The complete Proof of 

Design agreement can be seen in the Appendix A. 

 Safe 

a. Jig is supported by 4 leveling feet 

b. No sharp edges 

c. Lightweight 

 Easy to Use 

a. Six tool assembly 

b. Two tool leveling 

 Easy to Adjust 

a. Quick release pin on all adjustable components 

 Quick to adjust 

a. Quick release pin on all adjustable components 

 Reliable 

a. Material selection will ensure no distortion 

 Durable 

a. Material selection proven by calculation 

b. Material properties ensure no failure 

 Quiet to Operate 

a. No moving devices in use 

 Repeatable 

a. Precision placed features to collect data 

 Able to Offer Easy Data Collection 

a. Clearly labeled data collection locations 

 Easy to Clean 

a. Material Selection 

 Easy to Maneuver 

a. Lightweight material selection 

b. Integrated casters 

 Resistant to Sunlight, Cold, Water, Decay 

a. Material selection  
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ALTERNATIVE SOLUTIONS 

Based on the feedback from the first customer survey, the placement of vehicle controls is of 

high importance as I anticipated. The fixed seat can be mounted to the frame in three methods; 

welded, bolted for easy removal, or bolted with an adjustment feature in the rear to adjust the 

seat angle  

DESIGN 1  

For the first design the seat will be welded to a bracket which will also be welded to the frame. 

This will be a permanent mount allowing for no alterations to the fixed seat design. 

DESIGN 2 

For this design the seat will have mounting tabs which will line up with tabs on the frame. These 

tabs will be bolted together to secure the seat to the frame; this design will allow for the seat to 

be removed when the jig is not in use and ease storage. 

DESIGN 3 

For the third design the seat will have mounting tabs in the front which will line up with tabs on 

the frame to be secured by bolts. The back of the seat will mount to an adjustment mechanism so 

that the seat can pivot back and forth changing the seat angle to the rest of the jig providing 

increased adjustability. 

 

I chose design 2 for my final design because it allowed for the greatest versatility and ease of 

control when designing and testing the jig.  
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CONCEPT GENERATION AND SELECTION 

To generate the concepts I first had to understand exactly what the team required. To gain an 

overall understanding of the team’s requirements and previous successes and failures, I created 

Survey 1 found in Appendix C. This survey gave me feedback on what adjustability they needed, 

what constraints they were held to, previous seat angles, pedal designs, gearbox shifting, limb 

angles and comfort devices. Using the feedback and research I had accumulated, I was able to 

begin designing my jig. I was able to identify the key points which I could vary while using 

researched data as a base line for testing. As I was designing the jig I realized material selection 

was going to be a key factor for designing the components and the complexity of the system.  

For my second survey I narrowed my material selection to Aluminum or Wood. I chose these 

two materials for their machinability, strength and low cost. Other materials could have been 

chosen for greater material properties, but to comply with my budget I had to choose cost 

efficient materials. After receiving the completed surveys and utilizing the weighted rating 

method Aluminum was the chosen material for this project. With the weld ability of aluminum, I 

was able to design several components which would have been impossible with wood.  
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CALCULATIONS 

BRAKE PEDAL: 

Worst case scenario is the 95th percentile male depressing the pedal. 250lb was greatest force that 

a group of males could apply to a scale in a seated position. 

 

 

 

  

250lb force applied to pedal Figure 3 shows the pedal before 

the master cylinder depresses with 

the location of the applied force 

indicated by the black arrow. 

The 250lb force is constant during 

the rotation of the pedal about its 

bolted connection as seen in Figure 

2. This is achieved by the human 

ankle rotating while the foot 

remains in full contact with the 

pedal face. Θ = 66° 

Θ = 85° 

 

Figure 2: Brake Pedal Initial 

 

Figure 3: Brake Pedal Final 
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 F = 250lb 

Θ = 66° 

 

 ∑ 𝑀𝐵 = 0 = (7.1 × 𝑅2𝑦) − (10 × 𝐹) 

 ∑   𝑀𝐵 = 0 = 7.1𝑅2𝑦 − 10 × 250 

               𝑅2𝑦 =  
2500

7.1
= 352 ↑ 

 𝑅2 = 𝑅2𝑦(𝐶𝑜𝑠(24°)) = 321.6 ↑ 

 

 ∑ 𝐹𝑦 = 0 =  𝑅1𝑦 +  𝑅2𝑦 − 𝐹 

 ∑ 𝐹𝑦 = 0 = 𝑅1𝑦 +  352 − 250 

 ∑ 𝐹𝑦 = 0 = 𝑅1𝑦 +  102 

               𝑅1𝑦 = 102 ↓ 

 

 ∑ 𝐹𝑥 = 0 =  𝑅1𝑥 +  𝑅2(𝐶𝑜𝑠(66°)) 

 ∑ 0 =  𝑅1𝑥 +  321.6(𝐶𝑜𝑠(66°)) 

 ∑ 𝐹𝑥 = 0 =  𝑅1𝑥 +  130.8 

                 𝑅1𝑥 =  130.8 ← 

 

Shearing Force: 

 𝑅2𝑌(7.1) = (352 × 7.1) = 2499.2 ~ 2500 𝑙𝑏𝑓 

 𝐹(10) = 2500 lbf 

 

Bending Moment 

𝐴𝑟𝑒𝑎 𝐵 − 𝐶(250) = (2.9 × 250) =  725 in ∗ lb  
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Stress 

 𝑀 = 725 𝑙𝑏 ∗ 𝑖𝑛 

 𝐼 =  
𝑏ℎ3

12
=  

1.25 × 1.253

12
= .2 𝑖𝑛4 

 C = .483 in 

  

 𝑎1 = 𝐿1 × ℎ1 = (1.25 ×  .125) = . 156 𝑖𝑛2 

 𝑋1 =  
𝐿1

2
=  

1.25

2
=  .625 𝑖𝑛 

 𝑎2 = 𝐿2 × ℎ2 = (. 125 × .85) = . 106 𝑖𝑛2 

 𝑋2 =  
𝐿2

2
=  

.125

2
=  .0625 𝑖𝑛 

 𝑎3 = 𝐿3 × ℎ3 = (1.25 ×  .125) = . 156 𝑖𝑛2 

 𝑋3 =  
𝐿3

2
=  

1.25

2
=  .625 𝑖𝑛 

 �̅� =  
𝑎1𝑋1+𝑎2𝑋2+𝑎3𝑋3

𝑎1+𝑎2+𝑎3
 

 �̅� =  
(.156×.625)+(.106×.0625)+(.156×.625)

.156+ .106+ .156
=  .483𝑖𝑛 = 𝐶 

 

Calculated Stress (Without Hole): 

 𝜎 =  
𝑀𝐶

𝐼
=  

725 × .483

.2
= 1,750.9 𝑃𝑆𝐼 

Published Stress for A-36 Steel: 

 𝜎 =  36,000 𝑃𝑆𝐼 

Safety Factor: 

 
36,000

1,750.9
= 20 

 

 

a1 

a2 

a3 

�̅� 
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SHEAR STRESS ON BRAKE PEDAL & MASTER CYLINDER BOLT CONNECTION 

Having calculated the forces that exist within the brake pedal by the driver it is important to 

know if the bolt size selected can withstand those shearing forces.  

 

 

 

 

 

  

D 

Force 

Bolt 

Reaction 

Force 

Nut 

Master Cylinder 

Brake Pedal 

Two 

shear 

planes 

 𝐷 =  .25 𝑖𝑛. 

 𝐹 = 𝑅2𝑌 =  352 𝑙𝑏 ↑ 

Shear Area 

 𝐴𝑆 =  2 (
𝜋𝐷2

4
) = 2 [

𝜋(.25𝑖𝑛2)

4
] =  .098 ~ . 1𝑖𝑛2 

Shear Stress 

 𝜏 =  
𝐹

𝐴𝑆
=  

352 𝑙𝑏

.1𝑖𝑛2 = 3,520 𝑃𝑆𝐼 

Published Stress for Stainless Steel 18-8: 

 𝜎 = 70,000 𝑃𝑆𝐼 

 

Safety Factor: 

 
70,000

3,520
=19 



FORMULA SAE ERGONOMICS JIG                                                        Ryan Buffington 

 

18 | P a g e  

 

KIRKEY RACING SEAT: 

 

 

Figure 4: Seat Bracket and Seat 

 

The layout of the seat with custom bracket can be seen in Figure 4 which is used to determine the 

reaction forces in the frame tabs which secure the seat to the frame. 

 

 

Force applied to seat of 250lb 
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The free body diagram used to calculate the foces can be seen below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

45° 

A 

250 lb. 

Fy 

Fx 

R2y 

R1y 

R2x R1x 

13.9 in. 

12.4 in. 

7.2 in. 

B C 
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F = 250lb 

Θ = 45° 

 

 ∑ 𝑀𝐵 = 0 =  𝐹𝑦(12.4) +  𝑅2𝑦(7.2) 

 ∑ 𝑀𝐵 = 0 =  176.78(12.4) +  𝑅2𝑦(7.2) 

 0 = 2192.1 + 7.2𝑅2𝑦 

 𝑅2𝑦 =  −304.5 𝑜𝑟 304.5 ↓ 

  

 ∑ 𝐹𝑦 = 0 =  𝑅1𝑦 +  𝑅2𝑦 − 𝐹𝑦 

 ∑ 𝐹𝑦 = 0 = 𝑅1𝑦 + (−304.5) −  250(𝑆𝑖𝑛(45°)) 

 𝑅1𝑦 = 304.5 + 176.78 

 𝑅1𝑦 = 481.2 

 

 ∑ 𝐹𝑥 = 0 =  −𝐹 +  𝑅1𝑥 +  𝑅2𝑥 

 ∑ 𝐹𝑥 = 0 =  −250 + 𝑅1𝑥 +  𝑅2𝑥 

 𝑅1𝑥 =  88.4 

 𝑅2𝑥 =  88.4 

 

Shearing Force: 

 𝐹𝑦(24.1) = 176.78(12.4) = 2192.1 𝑙𝑏𝑓 

 

Bending Moment: 

𝐴𝑟𝑒𝑎 𝐴 − 𝐵 = √12.42 +  13.92 = 18.6 𝑖𝑛   

 𝐴𝑟𝑒𝑎 𝐵 − 𝐶 (2192.1) = 18.6(2192.1) = 40,772.5 𝑙𝑏 ∗ 𝑖𝑛2 
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Stress 

 𝑀 = 40,772.5 𝑙𝑏 ∗ 𝑖𝑛2 

 𝐼 =  
𝑏ℎ3

12
=  

.125 × 73

12
= 3.6 𝑖𝑛4 

 C = .125 in 

  

 

Calculated Stress: 

 𝜎 =  
𝑀𝐶

𝐼
=  

40772.5 × .125

3.6
= 1415.7 𝑃𝑆𝐼 

Published Stress for Aluminum 6061-T6: 

 𝜎 =  40,000 𝑃𝑆𝐼 

Safety Factor: 

 
40,000

1415.7
= 28 

 

 

 

  

h 

h/2 

b 

b/2 

C 
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SEAT BRACKET: 

 

The following results were obtained using FEA software within SolidWorks 2013. The brackets’ 

shape is my original design. 

The 4 small holes on the top are the fixed geometry while the 2 larger holes contain the forces 

which can be seen below in the load details. 

 

The FEA inputs and outputs are below: 

 

 

Model name: Seat Bracket 2of2 (FEA Model) 

Current Configuration: Default 

Solid Bodies 

Document Name and 

Reference 
Treated As Volumetric Properties 

Cut-Extrude7 

 

Solid Body 

Mass:0.38709 kg 

Volume:0.000143367 m^3 

Density:2700 kg/m^3 

Weight:3.79348 N 
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Load name Load Image Load Details 

Force-1 

 

Entities: 1 face(s) 

Type: Apply force 
Values: ---, ---, 44.2 lbf 

 

Force-2 

 

Entities: 1 face(s) 

Type: Apply force 
Values: ---, ---, 240.6 lbf 

 

Force-3 

 

Entities: 1 face(s) 

Type: Apply force 
Values: ---, ---, 44.2 lbf 

 

Force-4 

 

Entities: 1 face(s) 

Type: Apply force 
Values: ---, ---, 152.25 lbf 

 

Fixture name Fixture Image Fixture Details 

Fixed-1 

 

Entities: 4 face(s) 

Type: Fixed Geometry 
 

Resultant Forces 
Components X Y Z Resultant 

Reaction force(N) 0.0015831 -392.996 -393.239 555.952 

Reaction Moment(N·m) 0 0 0 0 

  

44.2 lbf → 

240.6 lbf ↑ 

 

44.2 lbf → 

152.25 lbf ↓ 

R2X 

R2Y 

R1X 

R1Y 
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These results conclude that the stress within the member is 18.8 KSI which is below the yield 

strength of 21 KSI. The part will not fail under these loading conditions. The exaggerated 

deformed shape can be seen on the next page. 

 

 

 

 

 

 

 

 

 

Name Type Min Max 

Stress1 VON: von Mises Stress 0.710665 psi 

Node: 15386 

18810.5 psi 

Node: 6 

 
Seat Bracket 2of2 (FEA Model)-Bracket Deflection-Stress-Stress1 
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Name Type 

Displacement1{1} Deformed Shape 

 
Seat Bracket 2of2 (FEA Model)-Bracket Deflection-Displacement-Displacement1{1} 
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SHEAR STRESS ON SEAT BRACKET & FRAME BOLT CONNECTION 

 

Having calculated the forces that exist within the seat bracket by the driver in the seat it is 

important to know if the bolt size selected can withstand those shearing forces. The seat bracket 

force calculation determines the forces for both sides so in the calculations below the forces R1Y 

and R2Y will be half since the seat is mounted on either side.  

  

Force 

Bolt 

Reaction 

Force 

Nut 

Frame Bracket 

Seat Bracket 

D 

 𝐷 =  .5 𝑖𝑛. 

 𝐹1 = 𝑅1𝑌 =  
481.2 𝑙𝑏 ↑

2
= 240.6 𝑙𝑏 ↑ 

 𝐷 =  .5 𝑖𝑛. 

 𝐹2 = 𝑅2𝑌 =  
304.5 𝑙𝑏 ↓

2
= 152.25 𝑙𝑏 ↓ 

Shear Area 

 𝐴𝑆 =  
𝜋𝐷2

4
=  

𝜋(.5𝑖𝑛2)

4
=  .196 ~ . 2𝑖𝑛2 

Shear Stress 

 𝜏 =  
𝐹

𝐴𝑆
=  

240.6 𝑙𝑏

.2𝑖𝑛2 = 1203 𝑃𝑆𝐼 

Shear Area 

 𝐴𝑆 =  
𝜋𝐷2

4
=  

𝜋(.5𝑖𝑛2)

4
=  .196 ~ . 2𝑖𝑛2 

Shear Stress 

 𝜏 =  
𝐹

𝐴𝑆
=  

152.25 𝑙𝑏

.2𝑖𝑛2
= 761.25 𝑃𝑆𝐼 

Published Stress for Stainless Steel 18-8: 

 𝜎 = 70,000 𝑃𝑆𝐼 

Safety Factor: 

 
70,000

1,203
= 𝟓𝟖 

 

Safety Factor: 

 
70,000

761.25
= 𝟗𝟏 

The safety factors are high because I 

chose to use the same hardware resulting 

in minimal tools being required for use. 
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SCHEDULE AND BUDGET 

PROPOSED SCHEDULE: 

The proposed schedule was planned to be very tight due to the complexity of this project. This 

schedule encompassed everything required to complete the project. This included: Developing a 

formal proposal, determining the project features and the timeline, product objectives, creating a 

QFD, working on the report, creating a 3D model, design reviews, FEA time, determining build 

time, time to prepare for faculty and advisor presentations, preparation for the Tech Expo, and 

modification and testing of this jig. The proposed schedule figure can be found in Appendix E. 

 

ACTUAL SCHEDULE: 

While I proposed items on a weekly basis, at times many items were being worked on 

simultaneously allowing me to meet the proposed timeline. As the design developed and 

increased in complexity, the SolidWorks model design time ran over a week which then caused 

the design review to require two weeks. However with a very refined 3D model, I was able to 

order all of the needed items which included raw material, fasteners, and manufactured 

components. With a great schedule and having identified the main points to complete on time, I 

was able to complete the build time three weeks under schedule which was a relief. The actual 

schedule figure can be found in Appendix E.  

 

PROPOSED BUDGET: 

The proposed budget was mainly based on the 3D model created. I was allocated $1,500.00 by 

Makino Inc. to complete this project. The proposed budget identified the raw materials to 

construct the jig, fasteners, manufactured components such as the Kirkey racing seat, testing 

equipment, tooling, shipping and handling, general items and also included an 

unknown/miscellaneous cost section for unforeseen costs. The budget figure can be found in 

Appendix F. 

 

ACTUAL BUDGET 

The entire project was completed at $67.00 under budget, which is excellent. I was able to come 

in under budget, by utilizing materials and tools I had in my possession. The other categories 

came in over budget due to design changes, but the unknown/miscellaneous category was my 

buffer which allowed for the additional expenses. The actual budget figure can be found in 

Appendix F. 

  



FORMULA SAE ERGONOMICS JIG                                                        Ryan Buffington 

 

28 | P a g e  

 

MATERIAL SELECTION 

 

Table 1: Blank Customer Survey 2 

 

 

Table 2: Completed Customer Survey 2 

 

 

 

Criteria

Importance 

Weight (%)

Appearance 5.0%

Longevity 10.0%

Surface Finish 10.0%

Corrosion Resistance 15.0%

Weathering Resistance 15.0%

Durability 15.0%

Repeatability of Machined Features 10.0%

Weight 10.0%

Size 10.0%

Rating Value

Unsatisfactory 0

Just tolerable 1

Adequate 2

Good 3

Very Good 4

Rating 

Survey 2 Wood Aluminum

Rating
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FABRICATION 

To transform the 3D rendering into a physical product several different joining methods and 

machines were required. The joining process included: Tungsten Inert Gas Welding (TIG), 

Epoxy, and rivets. The machines used included a Bridgeport vertical mill and a lathe. 

 

TIG WELDING: 

To join the 6063 T6 architectural grade aluminum and 6061 T6 I chose to use ER4043 filler rod. 

Some examples of the welds are below. 

 

Figure 5 is a picture of the seat 

bracket preparing to be welded. 

 

 

 

 

The weld bead before being ground and sanded down 

for fitment to the bottom of the seat can be seen in 

Figure 6. 

 

 

 

 

This weld fused the 2” main square frame tubing to the 1” 

square tubing which was a cross support can be seen in 

Figure 7. 

 

  

Figure 5: Weld Preparation 

Figure 6: Weld Bead 

Figure 7: Frame Weld 
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Figure 8 shows the weld which fused the 1” round tube 

which served as a handle for the jig to the 2” square 

tubing of the frame. 

 

 

 

 

EPOXY: 

 

Figure 9 is a picture of the underside of the steering stand 

which experienced minimal forces. The epoxy was rated 

for 3500 PSI of bonding strength was far exceeded any 

reasonable forces experienced when turning the steering 

wheel in this setup jig. 

 

 

 

 

 

 

The frame tabs which located the seat and the 

steering stand were first placed and secured 

with the same epoxy as the steering stand and 

can be seen in Figure 10.  

 

 

 

 

Figure 8: Frame Weld 2 

Figure 9: Steering Stand Epoxy 

Figure 10: Frame Tab Epoxy 
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RIVETS: 

Rivets are commonly used to secure panels of airplanes and the frame of some high-end sports 

cars.  

 

 

The seat bracket seen above was attached to the Kirkey racing seat 

with steel rivets rated for 600lbs tensile strength each as  seen in 

Figure 11, 12 & 13. 

 

 

 

 

 

 

 

Figure 12: Seat Bracket Rivet Front 

Figure 11: Seat Bracket Rivet Back 

Figure 13: Seat Bracket Rivet 

Top 
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The tabs that were initially attached to the frame by epoxy were reinforced 

with aluminum rivets rated for 400lbs of tensile strength each as seen in 

Figure 14. This was to ensure that if the epoxy were to ever fail the tabs 

would remain in place and not sacrifice the effectiveness and usefulness of 

the jig. 

  

 

 

BRIDGEPORT VERTICAL MILL: 

The vertical mill was used extensively to complete this project. The processes used were facing, 

slot milling, drilling and pocketing. Various pictures of the processes can be seen below in 

Figure 15, 16, 17, 18 & 19. 

 

 

 

Figure 14: Seat Bracket Rivet 

Figure 16: Steel Milling 

Figure 18: Steel Milling Chips 

Figure 17: Plastic Milling 

Figure 19: Drilling 

Figure 15: Slot Milling 
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LATHE: 

The lathe was used to create spring retainers for the simulated braking force. This required 

drilling, outside turning, inside turning, facing and using a cut off tool. Pictures of these 

processes can be seen below in Figure 21, 22 & 23. The final product of two retainers holding 

the spring can be seen in Figure 20. 

 

 

  

Figure 23: Spring in Retainer 

Figure 22: Drilling 

Figure 21: Facing Figure 20: Inside Turning 
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FINAL PRODUCT 

SIDE VIEW: 

 

Figure 24: Jig Side View 
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TOP VIEW: 

 

Figure 25: Jig Top View 
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FRONT VIEW: 

 

Figure 26: Jig Front View 
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BACK VIEW: 

 

Figure 27: Jig Back View 
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ISOMETRIC VIEW: 

 
Figure 28: Jig Isometric View 
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TESTING 

To comply with the Formula SAE requirement the individuals used to test this jig must fit the 5th 

percentile female and 95th percentile range. I decided to test 30 people, 15 males and 15 females. 

Using 30 people I could statistically determine whether or not this jig was capable of providing 

accurate data for Bearcat Motorsports in the future. The testing would be comprised of six test 

which would encompass the full range of requirements needed for an efficient and effective 

frame design. These six test include: 

 Steering Verification 

 Once the participant is seated they will have their arms placed at 135°. They will 

be asked to turn the steering wheel 95° from lock to lock to verify that this is an 

effective placement. If they are uncomfortable, the positioning can be adjusted 

and tested again verifying functionality. 

 Pedal Verification 

 Once the participant is seated they will be asked to place their legs at 135°. They 

will be asked to fully depress both the throttle and brake pedal verifying its 

effective placement. If they are uncomfortable, the positioning can be adjusted 

and tested again verifying functionality. 

 Shifter Preference 

 When the participant has determined the placement of the steering wheel they will 

be asked to test the shifter assembly on both the left and right side of the steering 

wheel, determining a preferred side to test with. They will also be asked what 

their dominant hand is for reference. 

 Vision Depth 

 The participant will be asked to place their head against the headrest and their 

back against the seat and look over the steering wheel and simulated dash. From 

this seating position they will report the first whole letter or pair of letters visible. 

 Vision side-to-side 

 The participant will be asked to keep their back placed against the seat and 

comfortably rotate their head to the right and to the left. The proctor will place a 

marker on the ground to record the angle after the test. 

 Multitasking 

 To conclude this test verifying the placement of controls, the participant will 

watch a short 4 minute video following the road using both pedals, the shifter and 

steering wheel. While they are simulating driving the road course they will also be 

asked 10 short questions. These questions are derived from a basic aviation flight 

school test. This test includes two letters and one number arranged in any order. If 

the given phrase is a combination of the givens, the participant will say “Yes” and 

if it is incorrect they will say “No”. 
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TEST RESULTS 

For my test participants I was restricted to the same rules and regulations as the team is required 

by Formula SAE. Figure 29 is a graphical representation of the heights of my test subjects across 

the 5th percentile female (60” tall) to the 95th percentile range (73.5” tall). 

 

Figure 29: Test Subjects Height Spread 

ELBOW & KNEE ANGLE: 

Research showed that 135° was the ideal angle for both the elbows and knees. A Formula SAE 

technical paper in 2000 “Formula SAE Race Car Cockpit Design An Ergonomics Study for the 

Cockpit” by Jaward  tested different limb angles and placement of controls until they identified 

the ideal placement for their test subjects at the time. I was able to use their results as a baseline 

for my research. Below are graphical results of how my test subjects agreed with this base line 

data.  

 

Figure 30 shows that 73% of the participants 

fit this jig at 135°. The variation came from 

larger participants not being fully comfortable 

due to the style of seat restricting their arms 

from being pulled to their side like intended. 

(Jawad, 2000) 

 

 
Figure 30: Elbow Angle Test Results 
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As seen in Figure 31 86% of the participants 

were comfortable in this jig at 135°. The 

variation came from personal preference as 

to where they felt most comfortable 

depressing the pedal with the required 

braking force. (Jawad, 2000) 

 

 

STEERING WHEEL HEIGHT 

 

When participants had their arms placed at 

135° taller subjects had longer limbs 

resulting in the placement of the steering 

wheel to be at a higher setting to 

accommodate for their legs as seen in Figure 

32. I can conclude that the steering wheel 

location is a function of ones height. (Jawad, 

2000) 

 

 

 

HEADREST LOCATION 

 

Taller subjects required the headrest to be 

placed farther away as seen in the trend line 

in Figure 33. However individuals with 

taller or shorter necks deviate from the 

trend line. I can conclude that the headrest 

location is a function of ones height. 

(Eggert, 2010) 

 

 

Figure 33: Headrest Test Results 

Figure 32: Hand Height Test Results 

Figure 31: Knee Angle Test Results 
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HEELSTOP LOCATION 

 

Smaller subjects naturally had smaller feet 

requiring the heel stop to be set at a higher 

setting. This is seen by the trend line in 

Figure 34. The conclusion is that foot length 

is a function of height. (Royce, 2007) 

 

 

 

 

SHIFTER PREFERANCE 

 

While no graphical data was created, only 10% 

of the test group preferred the shifter on the left 

side of the jig. The jig can be seen in Figure 35. 

One was left-handed while the other two 

determined that they could hold the wheel 

with more control with their dominant right 

hand and shift with their left. The other 90% 

were more comfortable shifting with their 

dominant right hand similar to that of a 

manual gearbox in a U.S. spec car. 

Figure 35: Shifter on Jig 

Figure 34: Heel stop Test Results 
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DEPTH PERCEPTION 

 

Figure 37: Depth Perception Test 

The trend found in Figure 36 was that taller individuals were able to see closer to the front of the 

jig. This contradicted the 3D model data which could be due in part to individual proportions and 

preferences which determined the height of the steering wheel controls. The test can be seen in 

Figure 37. 

 

Figure 36: Depth Perception Test Results 
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NECK ROTATION 

In Figure 38 the trends did not match the researched data. This could be a result of individuals 

muscle mass which restricts the rotation of their head, previous injury which would induce pain 

or joint stiffness. (Eggert, 2010) 

 

Figure 38: Neck Rotation Results 
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MULTITASKING 

 

Figure 39: Multitasking Test Results 

The males averaged a 95% success rate and the females averaged an 86% rate. However, no 

specific point can be identified during the simulation to identify a point at which multitasking 

skills disintegrate in Figure 39. 
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CONCLUSION 

Upon completion of the testing and the results obtained I am able to conclude that: 

 Taller subjects have longer limbs resulting in the placement of the steering wheel to be 

higher to accommodate their legs, thus the steering wheel location is a function of one’s 

height. 

 Taller subjects require the headrest to be placed farther away from the datum, thus the 

headrest is a function of one’s height. 

 Smaller subjects naturally have shorter feet requiring the heel stop to be placed at a 

higher setting so that they are able to more effectively depress the pedal, thus foot length 

is a function of one’s height. 
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RECOMENDATIONS 

Based upon the results obtained, some recommendations I would make to a future student who 

wants to continue and/or enhance this project would be: 

 Revised the seat design to accommodate larger test subjects. 

 Include an alternative seat with a bracket design to allow for Baja SAE to also test using 

this simulator.  

 Incorporate seat belts to restrain the test subjects from moving within the seat. 

 Make the shifter permanent on the right side of the steering wheel. 

 Incorporate steering wheel paddle shifters or pneumatic controls such as push button 

triggers to be used as an alternative to a manual gearbox shifter. 

 Incorporate a clutch pedal for Baja SAE use.  

 Equip this jig with electronic feedback devices for realistic simulations. 

o Decrease required pedal pressure for smaller females and give realistic feedback. 

 Lengthen multitasking test time. 

 Monitor fatigue using a heart rate monitor. (Gaudette, 2014) 
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APPENDIX A – PROOF OF DESIGN 

Date to be assessed: April 12, 2014 

Requirements: 

Completion of this project will require 30 individuals within the 5th percentile Female to the 95th 

percentile Male. 15 Female’s and 15 Male’s will participate in 6 tests to evaluate their results and 

compare them to base line research. 

Jig Analysis –  

Test 1: Steering Verification 

 The participant’s arms will be positioned at 135°  

o The participant will be asked to turn the steering wheel from lock-to-lock without 

removing his/her grasp to verify the jig function 

 Determine if the participant is comfortable in this configuration 

o If Yes 

 Move to next test 

o If No 

 Move the steering wheel to a different position until the participant is 

comfortable and able to fully rotate the steering wheel, record that position 

on the jig 

 Measure the angle of the arms 

 

 Model Arm Angle v. Participants Arm Angle 

 Model Hand Height v. Participants Hand Height 

 

 

Test 2: Pedal Verification 

 The participants knees will be positioned at 135° 

o The participant will be asked to depress the pedal fully 

 If pressure is adequate determine comfort 

 If pressure is inadequate move the jig to a new position until the required 

force can be met 

 Determine if the participant is comfortable in this configuration 

o If Yes 

 Move to the next test 

o If No 
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 Move pedals to a different position until the participant is comfortable and 

record the position on the jig 

 Measure angle of knees 

 

 Model Leg Angle v. Participant’s Leg Angle 

 Model Foot Distance v. Participants Foot Distance 

 

 

Test 3: Shifter Preference 

 Shifter will be placed on the left side of the steering wheel 

o Participants’ asked to manipulate it 

 Shifter will be placed on the right side of steering wheel 

o Participants’ asked to manipulate it 

 Determine which side the participant prefers 

o Record the preferred side 

o Record the participant’s dominant hand (writing hand) 

 

Vision verification – 

Test 4: Vision Depth Test 

 Participant will be asked to leave his/her shoulders pressed against the seatback and by 

looking over the steering column state the first number visible on the ground 

 

 

 Model Vision Distance v. Participant’s Vision Distance 
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Test 5: Vision Side Test 

 Participant will be asked to leave their shoulders pressed against the seatback and by 

rotating their head to the left, align the laser light on their head with the test proctor. 

o Test proctor will record head rotation 

 Participant will be asked to leave their shoulders pressed against the seatback and by 

rotating their head to the right, align the laser light on their head with the test proctor. 

o Test proctor will record head rotation 

 

 

 

 

 

 

Rudolph J. Eggert, Human Factors and Ergonomics (p266) 

** = Referenced from the Ergonomics section of Engineering Design by Rudolph J. Eggert 

*   = Calculated medium from the referenced Ergonomics specifications 

** 5th Percentile Test: 

     Male – 72° rotation right & left 

     Female – 72° rotation right & left 

* 50th Percentile Test: 

   Male – 85° rotation right & left 

   Female – 90° rotation right & left 

** 95th Percentile Test: 

     Male – 99° rotation right & left 

     Female – 108° rotation right & left 

 

 Model Vision Left v. Participants Vision Left 

 Model Vision Right v. Participants Vision Right 

 

Figure 40: Neck rotation 
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Endurance Control –  

Test 6: Multitasking Test 

 Participant will be required to simulate the steering, braking and acceleration of a short 

film displayed in front of them. 

o Assumption: When braking or accelerating it will be to the maximum stroke  

 Test proctor will record the number of counts for the throttle and brake 

independently 

 Participant will be told 2 numbers and 1 letter to remember during this test.  

o Every 25 seconds the test proctor will speak a number and two letters  

 If the spoken phrase is a combination of the 3 given variables, the 

participant must confirm by saying YES, if not they should say NO. 

 

 Base Line Brake Pedal Count v. Participants Brake Pedal 

Count 

 Base Line Throttle Pedal Count v. Participant Throttle 

Pedal Count 
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APPENDIX B – RESEARCH 

Nico Rosberg is a professional Formula F1 driver; in a YouTube video he explained his seating 

position. His experience is important for the FSAE jig setup. In the video he describes his seating 

position and lying down, not really reclined like Baja. His legs and pedals are elevated towards 

his mid-section, this seating position has poor visibility at times requiring him to lift his head to 

achieve better visibility, but the compromise is to include most of his mass low for the greatest 

center of gravity. His seat is molded from carbon fiber and is very rigid; while it is formed to his 

body it can be uncomfortable at times so he may pad it with minimal foam so not to increase the 

weight of the car significantly. As he looks over the steering wheel like a formula team the 

location of the steering wheel is placed in such a position to keep the center of gravity low and to 

allow for safety with the front roll hoop, but high enough so that it does not impact his legs when 

turning.  

In the US Patent 6,139,109, it is explained how to properly design a Race Car Seat and Jig. They 

focus on the safety of the driver and to ensure that the driver is restrained to a secure point in the 

vehicle and not impacting the car itself. The seat should support the driver while providing a 

secure and stable platform from which the driver can manipulate the controls. The more efficient 

the driving platform and comfortable the driver is will only increase the accuracy of driver inputs 

and reduce fatigue. Nina Phanthanousy and other authors were able to identify issues in the 

design of Baja vehicle in their presentation. The three different issues were discussed and 

analyzed to show improvements in ergonomic design. These issues included: Seat adjustability, 

steering wheel adjustment and ergonomic on body positioning and discomfort during and after 

driving the Baja vehicle. 

The Lawrence Technological University reinforced the ergonomics mentioned in the previous 

Patent. In the SAE Technical Paper 2000-01-3091. The authors designed and analyzed a jig. The 

major components for driver comfort included the seat back angle, thigh angle, steering location, 

dash height, width of the cockpit, pedal height and position and also the shifter location; all of 

the components were adjustable. The results of testing seen in Figure 41 concluded that if the 

seat back is reclined the driver will require 

the steering wheel to be moved closer with 

the dash, however the drivers’ eyes are 

lowered and the dash height may now be 

too high and could be a visibility concern. 

If the seat thigh angle is inclined the pedal 

assembly will now need to be moved 

forward, but now the dash height may be 

too low and the drivers’ legs may contact 

the vehicle. The goal was to achieve a low 

center of gravity while allowing the 

greatest driver comfort. The results from 

the testing concluded that lowering the 

dash would allow for greater visibility, but 

the clearance between the dash and the 

drivers legs would degrease and the front 

roll hoop would need to be increased Figure 41: Lawrence Technological University Results 
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resulting in added weight and increased CG. If the dash was moved closer to the driver the 

clearance between the steering wheel and driver’s legs would increase along with visibility, but 

this also would require an increased front roll hoop increasing the weight and CG of the vehicle. 

The parameters they found to be optimal were: 12.5” distance from the dash to the driver’s H-

Point, 23” dash height, 17.5” steering wheel height, and a thigh angle of 25⁰. 

While having the optimal dimensions for a low CG and driver comfort, one cannot forget to 

design a safe car. Vinay Srinivas mentioned in his presentation that Ergonomics included: 

Safety, Comfort, Ease of Use, Productivity/Performance, and Aesthesis. The author was also 

aware of the common injuries sustained from racing which included: Head Trauma, Neck/Collar 

Bone, Arm Bone, Spine, Hip/Pelvis Bones and Legs/Knee Bone injuries. The SAE Technical 

Paper 2006-01-3630 identifies the reality that when a crash occurs the driver could sustain a 

serious injury. This paper tracked the spinal fractures that open wheel race car drivers sustained 

over the course of 10 years. During this time 38 incidents involved 36 different drivers resulting 

in 54 spinal level injuries. While 26 of the injuries occurring from a rear impact which is less 

severe, it accounted for 67% of injuries sustained. 

 

Using the results from the Lawrence Technological University and a human model for both the 

95th percentile Male and 5th percentile Female, I analyzed the locations of their center of gravity 

with a thigh angle of 25° and a back angle of 50°. The results of this test showed that a fixed seat 

would be adequate for the center of gravity only moved 0.16” in Z and 2.83” in Y, the difference 

in Y can be compensated with foam to maintain the CG location for all participants. Using the 

same human models I was able to determine that the hand location had difference of 5” in Y and 

the feet location had a difference of 9.5” in Z. All of these factor had an influence in the design 

of my jig. The model can be seen below in Figure 42. 

  

Hands 

Feet 

Figure 42: Model overlay 
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DEGREES OF FREEDOM (DOF) 
 

 

 

 

 

 

 

 

 

 

HEEL STOP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44 is the heel stop which is a device to rest 

the drivers’ foot on to relieve fatigue. This heel 

stop is adjustable in an inclined vertical position 

to allow for adjustability when different subjects 

use this ergonomics jig. The heel stop has 1 DOF 

+ 

Y 

- 

Figure 43 is a general overview of a 

vehicle chassis demonstrating the axis 

of the car for references using directions 

of X, Y & Z in both the positive and 

negative direction. These references 

will used when test subjects are 

evaluated. 

           Figure 44: Heel stop DOF 

                              Figure 43: Vehicle axis 
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PEDAL           

 

 

 

 

 

 

 

 

 

 

 

STEERING ASSEMBLY 

           

 

  

   

Figure 45 is the pedal assembly which contains the 

throttle pedal, brake pedal and the heel stop. This 

assembly is adjustable in the horizontal position to 

allow for adjustability when different subjects use 

this ergonomics jig. The pedal has 1 DOF. 

Figure 46 is the steering assembly which contains 

the steering wheel and shifter. This assembly is 

adjustable in the vertical position to allow for 

adjustability when different subjects use this 

ergonomics jig. The steering assembly has 1 

DOF. 

         Figure 46: Steering Assembly DOF 

               Figure 45: Pedal DOF 
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SHIFTER 

 

 

 

  

Figure 47 is the shifter which is a mechanical device 

to shift the vehicle’s gearbox. The shifter adjustable 

in the vertical position on both the right and left side 

of the steering wheel to allow for adjustability when 

different subjects use this ergonomics jig. The shifter 

has 2 DOF. 

                        Figure 47: Shifter DOF 
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APPENDIX C – SURVEYS 

SURVEY 1 – GENERAL OVERVIEW 

Please answer the following questions and rate the importance of some. These 

will be used to aid the success in the upcoming 2013-2014 competition year. 

 

 

 

1. Rate the importance of the placement of vehicle controls and the possible fatigue caused 

to the driver from the placement. 

 

 

2. Rate the importance of an adjustable seat than can move forwards and backwards in the 

cockpit to adapt to the heights for multiple drivers on the team.  

 

 

 

 

3. Rate the importance of an adjustable seat than can move upwards and downwards in the 

cockpit to adapt to the heights for multiple drivers on the team.  

 

 

 

4. Rate the importance of an adjustable seat whose seating position angle can be altered in 

the cockpit to adapt for the comfort of the multiple drivers on the team. 

 

 

 

 

Rating 
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5. Rate the importance of the ability of a gauge to be moved left or right within the cockpit 

to allow for greater visibility for multiple drivers? 

 

 

 

 

6.  Rate the importance of the ability of a gauge to be moved upwards or downwards within 

the cockpit to allow for greater visibility for multiple drivers?   

 

 

 

7. Rate the importance of arm fatigue. What can be done to alleviate it? 

 

 

8. Rate the importance of leg fatigue. What can be done to alleviate it? 

 

 

9. Rate the importance of ankle fatigue. What can be done to alleviate it? 

 

 

10. Rate the importance of back fatigue. What can be done to alleviate it? 

 

 

11. Is there a wide variation in the height and weight of your driver for the 2013-2014 

competition year? Please list both the maximum and minimum heights and weights. 
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12. Will there be any limitations to the drivers’ placement in the vehicle due to possible 

mounting of suspension components, placement of steering components, frame design, 

etc.? 

 

 

 

13. Describe the seating position. Is the driver sitting upright with the legs bent downward or 

reclined back with the legs elevated? Sample pictures below: 

 

 

                                                       

 

 

 

14. Will there be any components within the cockpit that could obstruct the driver’s motion? 

 

 

15. Will any gauges be used? If so which ones? Ex: speedometer, tachometer, oil pressure, 

oil temp, current gear position… 

 

 

16. How long is the same driver constrained in the vehicle at any competition? 

 

 

Reclined seating position 

with legs elevated 

Upright seating 

position with 

legs bent 

downward 
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17. How will the vehicle be shifted?  For example: Paddle shifter, hand shifter, automatic 

transmission 

 

 Will this system require a clutch pedal? 

 

18. Is the suspension able to be adjusted for different drivers or road conditions? 

 If yes, can the driver adjust the settings from within the cockpit? 

 

 

19. Describe the driver’s arm position while operating the vehicle. 

 

 

20. Describe the driver’s leg placement while operating the vehicle. 

 

 

21. Describe the placement of the shifter inside the cockpit. 

 

 

22. Describe the steering wheel angle of approach to the driver. Is it parallel to the driver’s 

chest or approach at another angle? 

 

 

23. Is the drivers head restrained while inside the cockpit to prevent injury?  

 If yes, describe how. 

 

 

24. Are the drivers arms constrained while inside the cockpit to prevent injury?  

 If yes, describe how. 
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25. Are the driver’s legs constrained while inside the cockpit to prevent injury? 

 If yes, describe how. 

 

 

The completed Survey 1 can be seen in Table 3.  

 

Table 3: Customer Survey 1 

 

  

Criteria Rating 

Placement of controls and fatigue 2.67

An adjustable seat forwards and backwards 1.00

An adjustable seat up and down 0.67

A seat with angle adjustability 0.33

Adjustable gauges side to side 0.33

Adjustable gauges up and down 1.00

Arm fatigue 3.00

Leg fatigue 1.00

Ankle fatigue 1.33

Back fatigue 3.333

Rating       Value

Unsatisfactory 0

Just tolerable 1

Adequate 2

Good 3

Very Good 4

Survey 1
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SURVEY 2 – MATERIAL SELECTION 

 

 

Table 4: Customer Survey 2 
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APPENDIX D – QUALITY FUNCTION DIAGRAM 

 

Table 5: Quality Function Diagram 
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%

Must fit the 95% Male and 5% Female 9 1 1 9 9.0 81.0 0.20 20%

Maintain CG 9 1 1 9 9.0 81.0 0.20 20%

Quick Adjustability 3 3 1 1 1 9 9.0 9.0 0.02 2%

Repeatable 9 9 3 1 1 7 7.0 21.0 0.05 5%

Easy Storage 3 3 1 1 5 5.0 15.0 0.04 4%

Safe 9 9 9 9 1 1 9 9.0 81.0 0.20 20%

Ease of Use 3 3 3 3 1 1 7 7.0 21.0 0.05 5%

Comfortable 9 3 1 1 7 7.0 21.0 0.05 5%

Ease of Maintenance 3 3 3 1 1 7 7.0 21.0 0.05 5%

Durability 9 9 3 1 1 7 7.0 21.0 0.05 5%

Adjustable Pedal Assembly 9 3 3 3 1 1 9 9.0 27.0 0.07 7%

Adjustable Steering Assembly 9 3 3 3 1 1 9 9.0 27.0 0.07 7%

Adjustable Shifter Location 3 3 3 3 1 1 9 9.0 27.0 0.07 7%

Level 1 1 1 1 1 1 9 9.0 9.0 0.02 2%

Abs. importance 1.38 0.59 0.47 2.44 3.77 2.89 11.5 399.0 1.0 1.0

Rel. importance 0.12 0.05 0.04 0.21 0.33 0.25 1.0

Engineering Characteristics

Ryan Buffington

Driver Positioning Jig
9 = Strong

3 = Moderate
1 = Weak

Customer Requirements
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APPENDIX E – SCHEDULE 

The proposed schedule can be seen in Table 6 with the number of weeks estimated in red and the 

actual schedule with required weeks in green. 

 

Table 6: Timeline

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Formal Proposal

Proposed 

Actual

Features/Timeline

Proposed 

Actual

Product Objectives

Proposed 

Actual

QFD

Proposed 

Actual

Appendices

Proposed 

Actual

Develop Report

Proposed 

Actual

Develop SolidWorks Model

Proposed 

Actual

Design Review

Proposed 

Actual

FEA

Proposed 

Actual

Build

Proposed 

Actual

Presentation Prep

Proposed 

Actual

Design Presentation to Faculty

Proposed 

Actual

Design Presentation to Advisor

Proposed 

Actual

Modificaiton

Proposed 

Actual

Testing

Proposed 

Actual

Presentation Prep

Proposed 

Actual

Tech Expo

Proposed 

Actual

Project Presentation fo Faculty

Proposed 

Actual

Project Report to Advisor for Review

Proposed 

Actual

Submit PDF file in Library

Number of Weeks
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APPENDIX F – BUDGET 

PROPOSED 

The proposed budget can be seen in Table 7. 

 

Table 7: Proposed Budget 

 

 

ACTUAL 

The final budget can be seen in Table 8. 

 

Table 8: Actual Budget 

 

 

 

Upon completion of my project I came in under budget by $67. 

 

Raw Materials $740.00

Fasteners $97.00

Manufactured Components $150.00

Testing Equipment $87.00

Tooling $140.00

General Items $14.00

Misc./Unknown Costs $197.00

Shipping & Handling $75.00

Total $1,500.00

Proposed Budget Breakdown


