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Overview

• Project Objectives
• Aerodynamics Team
• Structures Team
• Sensors and Data Acquisition Team
• Project Management Plan



Project Objectives

• Objective: to conceive, design, fabricate, 
integrate, test and verify a downforce
producing wing as well as a support 
structure with integrated sensor suite 



Systems Diagram



Preliminary Design Configuration



Preliminary Design Configuration



Wing Design Team

Mathew Strassburg
Michael King
Jeremy Ralph



Overview

• Wing Specifications
• Design Alternatives
• Work Breakdown Structure
• Risk Assessment



Preliminary Wing Specifications

Team SAE Request /Initial 
Objective

85 lbfDown force at 45 mph

NotesRequirementSpecification

10-15 degrees

0.5 in

5-6.5 ft2

5-5.2 ft

Produce Necessary CL *Fixed angle of attack

SAE restrictionLeading Edge Radius

SAE restriction/Necessary Lift*Area

SAE restriction: Car widthSpan

*See Lift Justification in Appendix



Overall Configuration

• Cambered Airfoil
– Good lift to drag
– Comparatively easy construction

5.957.26.56.05100%

68535%Drag

367105%Cost

378910%Ease of Design

366310%Experience

3671010%Ease of Construction

3771020%Weight

1086340%Downforce

Double 
Wing

Cambered AirfoilSymmetric AirfoilSpoilerWeight



Airfoil Selection
Downforce vs Coefficient of Lift (at h=658 ft)

S=6.67 ft^2
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Airfoil Selection

• High Lift
• Low Reynolds 

Numbers
• Airfoils

E423
NACA 4415bis
S1210 12%
S1221
Wortmann FX 74-CL5-

140
See Airfoil Selection in Appendix for airfoil data



High Lift Devices

• Single Flap
– Provides ample extra downforce
– Low drag characteristics
See Justification-HL Devices in Appendix for more information

65.255.36.37100%

1061465%Drag

1073575%Cost

1053575%Ease of Design

1053685%Ease of Construction

10434710%Experience

10735710%Weight

10716920%Ease of Analysis

04108640%Extra Downforce

Device FreeSlatTriple FlapDouble FlapSingle FlapWeight



Tip Devices

• End Plates
– Increases effective aspect ratio

• Increases downforce over the ends of the wing

– Decreases Drag due to reduction of wingtip vortices
See End Plates in Appendix for more information

5.557.053.353.75100%

19785%Drag

106235%Cost

1072410%Ease of Design

1052210%Experience

1073410%Ease of Construction

1083520%Weight

074340%Tip Effects

Device 
Free

End PlatesTop/Bottom WingletsWingletsWeight



Skin Material

5.26.457100%

106310%Cost

17710%Internal Compatibility

35615%Ease of Design

106820%Weight

76520%Ease of Construction

181025%Strength

Balsa WoodFiber GlassCarbon FiberWeight

• Carbon Fiber and Fiber Glass similar construction techniques:

•Carbon Fiber:  More desirable material traits

•Balsa wood not suitable for load requirements



Wing Internal Structure

5.7576.65100%

57810%Cost

36615%Ease of Design

28315%Ease of Construction

581030%Weight

106530%Strength

Stiffeners and SparFoam CoreHollowWeight

•Foam Core: Desirable construction methods with acceptable strength

See Wing Structure Modeling in Appendix



Aerodynamics

Configuration Performance Testing

Airfoil Selection

High-lift Devices

End Plates/Interface

Downforce

Drag

Wind Tunnel

On-CarAcceptable Planform

Angle of Attack

High-lift Device Deflection

ScaleModel

Full-Size

Work Breakdown Structure



Risk Assessment

HighMediumLow
Probability
Consequences

OverweightLow

Manufacturing 
Difficulties

Not enough liftMedium

High



Risk Mitigation/Off-Ramps

• Not enough lift
– Testing of scale models to analyze design

• Manufacturing difficulties
– Practice manufacturing techniques before 

actual wing is made

– Consider alternate method



Materials and Structures team

Christopher Kerker
Ryan Clifford



Overview

• Structure Requirements
• Design Alternatives
• Work Breakdown Structure
• Risk Assessment



Structure Requirements

Coefficient of drag from airfoil 
data was used to determine the 
drag at 45 mph, again a factor 
of safety of 1.5 was used.

The airfoil will produce drag and 
this must be supported.

Withstand 6.3 lb of drag 
force.

The customer specified a max 
weight of 15 lb so that the 
performance of the car will not 
be compromised. 

The whole system must be 
under 15 lb per customer 
specification.  This represents 
40% of the entire system 
weight.

The structure needs to be 
under 6 lb.

The force was determined 
using the mass of the wing and 
the velocity of the car.  Once 
again a factor of safety of 1.5 
was added.

This is a customer requirement 
so that they will be able to 
complete the skid pad at 25 
mph.

Withstand a lateral force of 
28.5 lb.

The customer specified a 
desired downforce of 85 lb at 
45 mph.  A safety factor of 1.5 
was added.

This is the customer 
requirement with a 1.5 safety 
factor.

Withstand 130 lb of 
downforce.

How reason was determinedReasonParameter 



Trade Studies and design 
alternatives

• Materials Selection
• Support Structure configuration



Materials

1011062815%Experience

977310820%Weight

71971820%Ease of 
manufacture

6.855.457.057.24.87.65100%Total

10

2

10

Titanium

1310695%Heat 
resistance

91082710%Cost

44106730%Strength

PVCWoodSteelCarbon 
Fiber

AluminumWeight



Support Structure 
configuration

1010615%Flow restriction

551020%Sensor mounting 

Total

Ease of construction

Strength

Weight

Parameter

5.156.78.25100%

46910%

641020%

38735%

HybridEndplate AttachmentVertical BeamsWeight



Work Breakdown Structure
Structures

Materials Modeling

Numerical FEMSelection

Bending TorsionLoadingSupport Structure Wing

Testing

Wing Structure

Bending Compression

Bending



Design-To Specifications
Testing

• Tensile Test 
– Young’s Modulus, Yield Strength

• Compressive Test
– Young’s Modulus, Yield Strength

• Bending Test
– Point Load with Fixed Endpoint, Yield 

Strength



Risk Assessment

HighMediumLow
Probability
Consequences

Excessive Cost
Low

Inconsistent WeldingBracket 
Manufacturing
Ordering Parts 
(delays)

Medium

Excessive MassImperfect Material 
PropertiesHigh



Risk Mitigation/Off Ramps

• Inconsistent welding
– Practice, practice, practice

• Delays in ordering parts
– Scheduling

• Imperfect material properties
– Independently test



Sensors Team

Christopher McLeod
Casey Fillmore



Overview

• Sensor Requirements
• Design Alternatives
• Work Breakdown Structure
• Risk Assessment



1 mph

1 lb

Resolution

120% of predicted 
velocity0 - 55 mphAir Velocity

150% of predicted 
downforce0 - 130 lb Downforce

NotesRequirementSpecification

Sensor Requirements



Sensor Requirements

Load 
Cells

Velocity
Sensor

Microcontroller

Data
Recorder

Power Supply (12VDC)

Signal Conditioning



Downforce Measurement
Nonlinearity (%) Histeresis (%) Repeatability (%) Cost  ($) Resolution (mV/lb)

Compression Only
TT THB 0.25 0.25 0.1 485.00 0.08

Omega LCGD 0.25 0.25 0.1 460.00 0.08

Tension and
Compression
Dual Stud Type
TT DSM 0.15 0.15 0.05 540.00 0.15

Omega LFCD 0.15 0.15 0.2 750.00 0.08

S-Type
TT SB0 0.05 0.03 0.02 325.00 0.15

Omega LC101 0.03 0.02 0.01 305.00 0.15

S-Type, Omega LC101

-High quality

-Good price

-Already have one in stock, reduce costs



Velocity Measurement
Hysteresis and 

Repeatability (% FSO) Range (psid) Resolution (mV/mph) Cost ($) Output (mV)
Differential
Pressure Sensor

Omega PX26 0.2 ±1 0.033 36 16.7
Omega PX137 0.1 typical/0.3 max ±0.3 0.1067 @ 16mV output 55 18±2

Omega PX137 best meets desired specifications



Data Recorder

2.6 hours at max data 
rate256 MbCapacity

Possible high vibration 
environmentSolid StateData Storage

Interface with 
microcontroller

Justification

RS-232Serial Communication

RequirementFeatures



Microcontroller

Interface with 
Data Recorder

2 Load Cells
1 Pressure 

Transducer
1 Spare

Justification

RS-232 
� 230.4 kbps

Serial 
Communication

10-bit A/D input 
based off sensor 
resolution 
requirement4 inputs, 10-bit A/D Input

NotesRequirementFeatures

PIC18F452

-Meets specifications

-Many free resources

-Classroom experience



Work Breakdown Structure

Sensors and Data Acquisition

Sensors Microcontroller Data Logger

Downforce:
Load cells

Velocity

Pressure transducer

Pitot tube

Software Interfacing

Signal Conditioning

Data transfer protocol

Memory

Testing

Sensor Calibration



Risk Assessment

HighMediumLow
Probability
Consequences

Unable to resolve 
proper resolution

Power regulation 
difficulties

Low

Wing not ready in timeLoad cells do not meet 
specs

InterfacingMedium

High



Risk Mitigation/Off-Ramps

• Load cells do not meet specs
– Independently test and calibrate

• Wing not ready in time
– Scheduling



Project Plan

Casey Fillmore
Christopher Coley



Overview

• Organizational Responsibilities
• Mass/Financial Budgets
• Schedule
• Specialized Facilities and Resources
• Overall Risk



Organizational Responsibilities

Aerodynamics Team Lead, Composite manufacturingMathew Strassburg

Chief Financial Officer, Aerodynamic Team MemberJeremy Ralph

Sensors Team Lead, Materials and manufacturing Christopher McLeod

Safety Engineer, Aerodynamic Team MemberMichael King

Structures Team Lead, Structural AnalysisChristopher Kerker

Project Manager, Sensors Team, PIC microcontroller and electronicsCasey Fillmore

Systems Engineer, Test plans, CAD modelingChristopher Coley

Manufacturing Engineer, Structures team memberRyan Clifford

Responsibility/ExpertiseTeam Member



Project Manager
Casey Fillmore

System Engineer
Christopher Coley

Chief Financial Officer
Jeremy Ralph

Safety Engineer
Michael King

Webmaster
Christopher McLeod

Manufacturing Engineer
Ryan Clifford

Aerodynamics Team
Mathew Strassburg

Structures Team
Christopher Kerker

Sensors Team
Christopher McLeod

Michael KingJeremy Ralph Ryan Clifford Casey Fillmore



Mass Budget

13.01

2

22 Load Cells

Sensors

5.41

.9020% Weight Addition (welding, fasteners, etc.)

.98Wing and Frame Support Brackets

2.281 Inch Aluminum Tubing

1.25½ Inch Aluminum Tubing

Structure

5.6

.6Epoxy

.8Aluminum Ribs

1.2Foam Core

3Carbon Fiber Skin

Wing

Mass (lb)Item



Financial Budget
Wing/Structure

$299.40Total

$78.00 20%$65.001$65.00 3 X 3 6061 Aluminum Square

$30.60 20%$25.501$25.50 1 OD x .125 wall x .750 ID 6061 Aluminum Round Tube

$49.20 20%$41.001$41.00 1/2 OD x .049 wall x .402 ID 6061 Alum Round Tube

$28.80 20%$24.001$24.00 1 OD x .120 wall x .760 ID Welded - Round Steel Tube

$112.80 20%$94.001$94.00 3/8 inch THICK A36 Steel Plate

Overall PriceMarginCostQtyPriceComponent

Structure Budget

$1,686.40Total

$15.00 0%$15.001$15.00Profili 2 - Airfoil Analysis

$260.00 100%$130.002$65.00Aluminum Plate .75"x12"x12"

$312.50 150%$125.001$125.00EZ-VAC Baggin Kit

$100.00 100%$50.001$50.00EZ-Lam 1.5Qt

$75.00 50%$50.001$50.00Bolts

$188.00 100%$94.002$47.00SpyderFoam 2.75" x 24" x 60"

$187.50 25%$150.001$150.00.5" Aluminum Sheet 24x24

$262.80 20%$219.001$219.00Aluminum Plate .5"x36x40

$168.00 100%$84.003$28.004.7 oz Carbon Fiber Cloth 5 yd^2

$117.60 20%$98.002$49.00Carbon Fiber Tube .5" ID x .032"x 60"

Overall PriceMarginCostQtyPriceComponent

Wing Budget



Financial Budget
Sensors/Miscellaneous

$3,653.30Overall Total

$450.00Total

$150.00 50%$100.001$100.00Shipping

$300.00 50%$200.001$200.00Travel

Overall PriceMarginCostQtyPriceComponent

Miscellaneous

$1,217.50Total

$66.00 10%$60.001$60.00Battery

$300.00 50%$200.001$200.00Miscellaneous Hardware

$36.00 20%$30.001$30.00Flash Card

$84.00 20%$70.001$70.00Pitot Tube

$60.50 10%$55.001$55.00Pressure Sensor

$671.00 10%$610.002$305.00Load Cell

Overall PriceMarginCostQtyPriceComponent

Sensor Budget



BREW

Aerodynamics Structures Sensors

Configuration

Performance

Testing

Materials

Testing

Modeling

Sensors

Microcontroller

Data Logging

Testing

Work Breakdown Structure



Schedule



Preliminary Spring Schedule



Testing

• Scale model testing in ITLL wind tunnel
– Tests design before final product is constructed

• Full scale testing in KU/CSU wind tunnel
– Verification of design under controllable conditions

• Full scale version mounted to FSAE car to 
evaluate performance in un-controlled 
environment
– Stretch goal



Specialized Facilities and 
Resources

• KU Wind tunnel
– 2 test sections (36”x51”x60”, 72”x72”x120”)
– Maximum speed 200 mph
– Pyramidal balance

• CSU Industrial Wind tunnel
– 6’x6’x60’ test section
– Maximum velocity ~35 mph
– Must bring own force measurement 

equipment



Overall Risk Assessment

HighMediumLow
Probability
Consequences

Low

FSAE Car 
UnavailableMedium

Wind tunnel 
Scheduling

Scheduling
High



Risk Mitigation/Off-Ramps

• FSAE car unavailable
– Mount on passenger vehicle

• Wind tunnels unavailable
– Verify with scale model in ITLL wind tunnel



Conclusion

• With proper scheduling and risk 
management, project is definitely feasible
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Questions?
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Lift Justification Slide

• Velocity and 
downforce given

• Area was chosen as a 
feasible estimate to 
minimize weight, and 
to give enough room 
for a flap

• Wing area will change 
to take advantage of 
the airfoil selected
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Airfoil Selection
Downforce vs Coefficient of Lift (at h=658 ft)
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Airfoils
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Airfoils (cont.)
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Airfoils (cont.)
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Justification-HL Devices

• Numbers were considered in addition to those in presentation



Justification – HL Devices (cont)

• CL numbers are 
generic and only for 
comparison

• Final design will 
require a new CL
calculation after wing 
is chosen

• These choices will 
also change wing area 
(CL will not be the 
same as initial 
estimate)



Wing Structure Modeling

•Calculate equivalent 
composite modulus

•Model as a beam

•Calculate shear 
bending stress and 
strain based on 
model



End Plates

• Improves wing 
efficiency
– Increases overall lift 

coefficient
– Allows lift to be 

produced towards the 
end of the wing

• Reduces Drag
– Decreases the effect 

of wingtip vortices
'���(���%��#)�*��+�,��+����-#%.�/%
*'���0����%




Downforce Determination
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Testing

• Scale model testing in ITLL wind tunnel
– Tests design before final product is constructed

• Full scale testing in wind tunnel
– Verification of design under controllable conditions

• Full scale version mounted to FSAE car to 
evaluate performance in un-controlled 
environment
– Stretch goal



Scaling for Wind Tunnel Testing
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Risks - Downforce

Angle of Attack
• Wind tunnel testing will make 

angle of attack observed from 
wing irrelevant (flow changes 
produced by body effects)

• Adjustable bracket changes � , 
multiple tests allow for 
correction of errors

• Scale model testing, extra time 
scheduled for wind tunnels

• Buy extra materials to test 
construction methods

Wing Area
• Redesign of wing after final 

airfoil is chosen to optimize 
volume and weight

• Scale model testing



Structural Failure

End Plate Failure
• Flaps verified in scale 

model testing
• Endplates designed 

to be load bearing, 
preliminary testing to 
verify design

Spar Failure
• Order several spars 

to insure 
specifications are 
accurate and meet 
requirements

• Testing after mounts 
are added to verify 
strength (if mounts 
require drilling)



Structural Failure (cont.)

Foam Core Failure
• Buy extra foam to make several wings
• Practice with extra foam so that final 

product has fewer defects
• Inspect foam for tears
• Scale model testing to verify downforce

being produced is within calculated range



Structural Risks

Carbon Fiber Difficulties
• Practice laying carbon 

fiber to minimize defects
• One member of the team 

experienced in composite 
construction

• Make multiple wings in 
case of breakage

Joint Failure
• Safety clips on bolts 
• Test and inspect bolts 

before mounting
• Joints constructed in 

manner that strengthens 
structure

• Wind tunnel testing verifies 
downforce

• Order extra parts in case of 
structure failure



KU Wind Tunnel



KU Wind Tunnel

Pyramidal Balance Specifications

• Range of  Max. Loading:
• Lift: -125 to 250  lbs
• Drag & Side Force: + / - 100   lbs
• Roll, Yaw, Pitch: + / - 41.5  lbs
• Measuring point of Pyramidal Balance: 18 in. 

above center of table
• Load Cell Excitation: 6 volts. D.C.



CSU Industrial Wind Tunnel



Wing Fault Tree



Fault Tree



Velocity Measurements

At h = 5280 ft, r = 1.0466 kg/m3

Pressure differential measured at 55 mph = 0.046 psi

Pressure differential measured at 100 mph = 0.152 psi

Best fit pressure transducer has range of 0 – 0.3 psi



.0549.163.0216.0578.287.098Density (lb/in3)

120006530019105520011200029700Shear 
Strength (psi)

9600@73°F
3800@110°F

1000007410500009010056000Compressive 
Strength (psi)

PVCTitanium Wood Carbon 
Fiber

SteelAluminumMaterial

Material Properties


