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Project Team Members:

An adaptive aerodynamics system, as proposed, could increase the
overall performance for “Formula” type race cars. The overall objective of 
the FAAST Team is to conceive, design, fabricate, integrate, test and 
verify an aerodynamics system which will optimize the resultant downward 
force and drag during acceleration, cornering, braking and high speeds. 
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• Measure the speed of the apparatus to within 2 mph

• Accurately, within 0.1g, measure the lateral and longitudinal g-forces

• Design an airfoil system which can create a force equal to 15% of the weight of the vehicle

• Design a method to change the effects of the wing system in 0.5 s or less

• The entire apparatus must weigh less than 20 lbs.

• Create a simple cockpit control to enable or disable the system. 

• Verify the aerodynamic effects of the wing and test all other system components
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Project Manager
Dan Pulles

Electronics
Bryan Sutton *
Gabe LoDolce

Dan Pulles

Software
Gabe LoDolce *

Dan Pulles
Bryan Sutton

Airfoil Design
Dan Honaker *

Adria Omer
Ross Kutter
Adam Leone
Kyle Reichert

Mechanics/
Structures
Adam Leone *
Dan Honaker
Bryan Sutton

CFO
Adria Omer

Materials
Kyle Reichert *

Adria Omer 
Ross Kutter

Safety Engineer
Ross Kutter

Systems Engineer
Ross Kutter

CAD
Programmer
Adam Leone *

Dan Pulles

* Subsystem Team Lead
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Cambered 
Airfoil

Airfoil Design

Symmetrical 
Airfoil

NACA 
Airfoils

Liebeck 
Airfoils

Adaptive 
Airfoil

Easy Fabrication

Higher drag 

Less Down force

Data Available

Huge Selection

6-Series 

High Lift/Down force

High Aspect Ratio

High lift @ low speed

Less drag than sym.

Good @ low RN

Used in Formula 1
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Multi-Section
Airfoil

� Camber � Flap 
deflection

� Angle of 
Attack 

Two Sections

Adaptive 
Airfoil

Flexible Wing 
Material Worm Gear

Support Arm Motor 

Mini Servos

Cable Pulled

Rotary Actuators

Push Rods w/ servo

Three Sections

Difficult to 
design and 
fabricate.  
Not ideal
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If the Reynolds number is 
adjusted, i.e. higher velocity for 
smaller chord, then down force 
and drag can be calc. using load 
cells

The airfoils characteristics 
must be verified, the ITLL 
wind tunnel cannot support 
a full size airfoil 

A scale model of the airfoil 
may be produced and 
tested in the wind tunnel.

Verification

Wing skin + ribs + spars + 
electronics + endplates < 20 lbs

The system must not hurt 
the car’s performance.  
Lower weight means less 
torque is needed from the 
actuators.

Wing system must weigh 
less than 20 lbs.Weight

With max Cd = 0.1, then drag @ 
60 mph is ~5.3 lbs
D = qSCd

Drag should not outweigh 
the benefits of down force

Produce no more than 5 lb 
drag at 60 mphDrag

15% of the 450 lb FSAE car is 
67.5 lbs.  For Cl=1.2, S=6.5 ft2

& V = 60 mph
L = qSCl = 68 lbs

Produce 15% of the car’s 
weight

70 lbs of down force at 60 
mph, or Cl = 1.2Down Force

How Requirement was
Determined

Reason for
Requirement

Requirement
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difficultmore difficultsmall ( .004 + )
small ( < 0.01 at 

max Cl )
smaller (  < 10 deg. )

� � " � � � � �
NACA 64-206, 
65-410, 66-206

less 
difficult

less difficultsmall ( .004 + )
larger ( 0.01 or 

more at max Cl )
large ( > 15 deg.),

( may stall ) 

� #" " � �� ��
NACA 0009, 63-

009, 66-009

Flap 
Integration

Ease of 
Manufactur ing

Cd0Cd (Cl = 1.2)Required Range of AoA

The airfoil designated “631-012” is symmetric, while the airfoil “631-412” is cambered
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Total weight of the
system was dictated
by the Formula SAE
Team

Total wing system must remain
less than 20 lbs.  

Minimize the size and
weight of the actuation
system.

Size and
Weight

Assuming 0.1 seconds
For microcontroller
response, the actuators
are left with 0.4 s to
deflect the airfoil

Our design goal was to actuate
within 0.5 seconds.  The max
AoA before separation is 20
deg.

The system must be
able to deflect the
airfoil 20 degrees in
0.4 seconds.

Speed

Where M = qScCm
and the max Cm~ 0.1,
Then M=5*1.15*35.7^2*0
6*0.5*0.1 = 22 N-m

The maximum moment
produced at the a.c. of the
airfoil will be 22 N-m at 80
mph, the motors must be
able to overcome this force

The actuator system
must produce a
minimum of 22 N-m
torque.

Torque

How Requirement
was Determined

Reason for  RequirementRequirement
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$50-$300

$100 w/
gearbox

$400-
$1000

$400-
$1000

Cost

2

1

4

7

0.2 kg
12 N-m w/ 5:1

gearbox
~15 rpmAverageServos

1-5 kg1-40 N-m100-11000
rpm

HeavyDC Motor

1-5 kg1E3-1E6 N7.6-50.8
cm/s

Minimal
Linear

Actuator

0.5-3 kg0.14-6.0 N-m
60-6000

rpmMinimal
Rotary

Actuator

WeightForce/TorqueSpeedControl
Dependent
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Airfoil and Wing 
Dimensions

Wing Skin Wing Spars

Material Material

Safety 
Factor

Thickness

Spar 
Quantity

Wing Forces 
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Wing Adjusting 
Method
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Structure Design
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Support the Forces from the wing

� Alternative A: Vertical Beams

� Alternative B: 2 Vertical Beams w/ Supports
� Alternative C: 2 Vertical Beams w/ mid support

1~2-3 lbs~20 psi~60 psi~125 psiAlternative C

2~3 lbs~10 psi~60 psi~125 psiAlternative B

3~2 lbs
Dependent on
Chassis Mount

Dependent on
Chassis Mount

~125 psiAlternative A

RankingWeightResists Drag
Force

Resists Side 
Force

Resists
Down Force

Mounting
Architecture

*Based on Aluminum tubing w/ Tensile Strength ~40 ksi and Density ~0.10 lbs/in3

Tubing has a 1 inch diameter and a wall thickness of 0.1 inch.
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Product / Model Serial Comm Digital I/O Analog Input Analog Output Support Speed Memory Price

Naiad 2x RS-232 10 Channel
8 SE 10-bit  or 

7 DI 8-bit
6 PWM Excellent 14.5 MHz

128K Flash 4K 
SRAM

200*

Rabbit BL2500**
2x RS-232,        

RS-485, RS-422
16/8 Channel

8 SE 11-bit or 
4 DI 12-bit **

10 PWM** Moderate 29.4 MHz
256K - Flash 
128K - SRAM

$330**

Microcontroller Options

* May be able to get on loan
**  Includes the RN1200 Analog input and RN1300 Analog Output expansion modules

• Requirements met by both systems
• Serial communications (including rate)
• Analog I/O
• Digital I/O
• Processor Speed

• Other comparisons
• Great in house knowledge of Naiad system 
and free development software
• Rabbit system requires expansion cards and 
development software
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Data Logger Options

• Requirements met by Databridge system
• Serial communications rate
• Storage type and capacity
• Format
• Buffer

• Requirements met by both CF cards
• Capacity
• Speed
• Format

Product Name / Model Interface Rate Format Memory Type Capacity Buffer Price

Databridge / SDR-CF 
or SDR-OEM-CF *

2x RS-232
Variable up to 

230 Kbit/s
PC - FAT16 IDE Flash

Limited by Flash 
Card - up to 4 GB

120 Kbyte
$380 - $480 

plus card

Product Name / Model Capacity Interface Max Transfer Sustained Transfer Access Time Price
Lexar 12x 256 MB CF+ Type II 16 Mbit/s burst 1.8 Mbit/s 10 ms $59
Sandisk 4x 256 MB CF+ Type II 20 Mbit/s 600 Kbit/s 50 ms $50
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Power Converter Requirements
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Power Converter Options

Product / Model Input Voltage Input Current Output Voltage Output Current Regulation Price

Datel UST-5/500-
D12

9 - 18 VDC 280 mA 5 VDC 500 mA +/- 0.5% $32.00 

Datel UST-
12/250-D12

9 - 18 VDC 340 mA 12 VDC 250 mA +/- 0.5% $29.00 

• Datel manufactures converters with DC 
output ranging from 1.2V to 48V

• Will be able to select converters after 
other electronics have been chosen
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Total System Response Time Risk 
Assessment

• 5 major time dependant operations of the system

• Worst case analysis
• Rabbit system has serial connection between I/O
• Naiad system has slower clock speed

• Total response time calculation
• Total 0.5s
• (a) 100 KHz input = 0.01s
• (b) 60 Kbit at 1 Mbps < 0.001s
• (c) 14.5 MHz clock, 1 operation per 10 cycles,      

10,000 operations < 0.007s
• (d) 32 Kbit at 1 Mbps <  0.001s
• (e) 480ms to full deflection

INPUT FROM
ACCEL

(a)

INPUT BUS SPEED
TO PROCESSOR

(b)

PROCESSOR
CALCULATIONS

(c)

PROCESSOR BUS
SPEED TO OUTPUT

(d)

ACTUATOR
RESPONSE

(e)
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Test / Run Mode Software Flow

COMPUTE POSITION COMMAND ACTUATORS

READ SENSOR
- ACCEL
- SPEED

READ DRIVER INTERFACE

- RESET
- MAX FORCE

IF LOG

IF D/I AUTOTRUE FALSE

WRITE DATA TO FILE
READ CONSOLE
- INPUT USER  SIMS

TRUE

- SENSOR DATA
- CONSOLE D/I INPUT
- COMMAND DATA- LOAD

- AUTO
IF TEST MODE

FALSETRUE

- ACCEL

- LOAD
- SPEED

READ SENSOR

INPUT / OUTPUT

COMPUTATION

CONDITIONAL
STATEMENT
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Testing Objectives

• Verify down force provided by the wing

• Verify drag caused by wing 

• Verify adjustability 

• Verify response time of the system

• Verify software

• Test the driver interface
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Proposed Test Methods
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Testing Issues and Risks

• Building Scale Model (if model is used)

• Scaling factors (if model is used)

• Wind tunnel use (if model is used)

• Integration of load cell into test stand (if model 
is used)

• Extra cost (if scale model and test stand are built)

• Attachment to vehicle
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Sub-Team Item Description Quantity Cost (Current Estimate) Margin Total Including Margin

Electronics
  Microcontroller 1 $310.00 < 10% $341.00
  Data Logging; - - - -
        Data Bridge Drive 1 $380.00 < 30% $494.00
        Flash Card 1 $50.00 < 20% $60.00
  Power Converter 4 x $30 $120.00 < 15% $138.00
  General Hardware* - $200.00 - $200.00

  Load Cell 1 $305.00 < 30% $396.50

  Accelerometer 2 x $20 $40.00 < 35% $60.00

  Anemometer 1 $129.00 < 10% $140.00

  Servo Actuator 2 x $125 $250.00 < 20% $300.00

  Electronics Total $1,784.00 $2,129.50

Materials
  Scaled Test Model

        Aluminum 1 $80.00 < 125% $180.00

        Support Structure 1 $30.00 < 70% $50.00

  Fullsize Wing - - - -
        Skeleton - - - -
              Aluminum 1 $300.00 < 35% $405.00
        Skin - - - -
              Fiberglass 1 Donated - $80.00
              Epoxy 1 $27.00 < 70 % $97.00
              Sanding Tools 1 $10.00 < 100% $20.00
              Vaccuum Kit 1 $176.00 < 15% $200.00
              Finish Filler 1 $30.00 < 20% $35.00

  Materials Total $653.00 $1,067.00

  Total w/out Margin $2,437.00    Total with Margin $3,196.50

* Includes items such as connectors, wire, harness odds and ends, etc.
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�� Transducer Techniques Load CellsTransducer Techniques Load Cells
�� Omega Load CellsOmega Load Cells
�� Analog AcceleratorsAnalog Accelerators
�� EntranEntran accelerometersaccelerometers
�� Dwyer air velocity transmittersDwyer air velocity transmitters
�� VBOX GPSVBOX GPS
�� Summit instrumentsSummit instruments
�� TestEquipmentDepotTestEquipmentDepot
�� MaterialsMaterials
�� Fuava.colorado.eduFuava.colorado.edu
�� www.acumeninstruments.comwww.acumeninstruments.com
�� www.Agy.comwww.Agy.com
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HD RH5A – 5502

•Rotary actuators are precision servos, which in simplest form is a motor 
with a speed reducer.

•Available in AC and DC configurations.

•Compact configuration, high torque, high positional accuracy

•The output axis can provide support for large loads 
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•Higher force density than rotary actuators.

•Slower speed of motion, maximum 20 in/sec.

•The length of the actuator stroke would have to be very large to effect 
sufficient deflection of the airfoil.  Inefficient motion for this application.
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High Torque Servo 5:1 ratio gearbox
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0 	 �	 � �� � 
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•Low accuracy motion due to the lack of a speed reducer

•Any range of torques and sizes available.

•Inexpensive

•Typically used for a constant motion application, not ideal for controlled 
motion.
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$750200mm max 
stroke

0.01 in6.5 lb90mm/s at 
Max Load

600 N Max 
Force

Linear ActuatorSFK - CATL33Hx200x4-G1/E220C

$43.99
$99 w/gb

66x30x57.6Mid to 
high

5.36 
oz

0.14 s/60 deg2 N-mServoHS-805BB Mega Torque Servo 
(www.robotzone.com)

$600.009x2.7 in0.005 in5.1 lb3.5 in/s at 50 
lb Force

500 lb Max 
Force

Linear ActuatorHIS Motors- 87000 Series – Size 34

$139.00 3.5x4.6 inLow3.4 lb2,500 rpm24 oz-inDC MotorBodine-Electric – 24A-0043

$164.00 3.5x4.6 inLow3.4lb11,500 rpm12 oz-inDC MotorBodine-Electric- 24A-0049

$173.00 150x100 mmLow5lb1800 rpm47.7 N-m/sDC MotorBaldor – AP233001

$160.00 100x75 mmLow5 lb1725 rpm29.8 N-m/sDC MotorBaldor – AP232001

$146.00 100x75 mmLow4 lb1800 rpm14.9 N-m/sDC MotorBaldor – AP231001

$2500.00
10% disc

90x100 mm1.5 arc-
min

4.2 lb30 rpm7.8 N-mHollow Shaft ActuatorHD System –FHA-14A – 3003

$2500.00
10% disc

90x100 mm1.5 arc-
min

4.2 lb60 rpm3.9 N-mHollow Shaft ActuatorHD System – FHA-14A – 6003

$675.00
10% disc.

89x20 mmHighLight55 r/min0.29 N-mDC Rotary Servo 
Actuator

HD System – RH5A-5502

$675.00
10% disc.

89x20 mmHighLight88 r/min0.16 N-mDC Rotary Servo 
Actuator

HD System – RH5A-8802

CostSizePrecisionWeig
ht

SpeedTorqueTypeDevice
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Total System Response Time Requirements

• Natural tendency works in our favor

• Sharp turns generally require the car to travel slower

• Non-sharp turns have longer arc length

Requirement Reason for Requirement
How Requirement Was 

Determined

Total System time to 
initial response:

0.1s
So airfoil will respond quickly relative to 
car speed

At 60 mph travel time of 0.1s = 8.8 ft

Total System time 
from zero to ful l 
deflection:

0.4s
So airfoil will reach maximum deflection 
at time of maximum acceleration

r = 141 ft for a = 1.7g at 60 mph, in 
0.5s car travels 44ft                          

r = 49.2 ft for a = 1.7g at 35 mph, in 
0.5s car travels 25 ft



71

Total System Response Time Risk Assessment

• Largest time delay comes from actuator

• Options to minimize system response
• Faster sensor sampling 

• Faster microcontroller clock speed (limited effects)

• More efficient software – minimize operations, minimize memory     
accessing, minimize floating point operations

• Faster actuators


