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Presentation Outline m

A Mission overview
A Overall system design
A Specific subsystem design

Aerodynamics

T
I Structures/Materials
:
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Propulsion

" Electronics
- Launch System

A Risk assessment
A Budget

A Future work

A Questions
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Background: Brief History&
Micro Air Vehicles

GOALTo design, fabricate, and test a Micro Air Vehicle (MAV) capable of
capturing an image and transmitting it with a time and position stamp

PREVIOUS MAV WORK:

A 19962000: DARPA (Defense Advanced Research Projects Agency) initiated
MAYV program initiative, defined target dimension of 6 inches

A 2003: CU defines CMAV (Colorado MAV) as a senior project
A vnncY 'C O0! YyAOBSNEAGE 2F Cf22NARI U 0
A 2007: CU accepts MARVLIS for senior project

Decreasing Trend in MAV Size
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Concept of Operations m
MissidRequirements

< Control MAV within 300 ft range >

Loiter - 10 minute endurance requirement

Climb to 70 ft Transmit

Pre-Launch Check
_— . . ] Descend
6” dimension requirement
Setup Launch — Receive Land Post-Landing Check
Using designed launcher
Capture Image

Minimum 2 images/minute
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System Architecture Ch

Planform

Inverse

Aerodynamics Rectangular Elliptical
Zimmerman
Tall Y tail V tail Inverted \Vtail
Propulsion Battery Lithium Lithiumion Ni-MH
Polymer
Propeller Pull Dual pull Push
Power Electric motor | Dual electric Gas motor
Electronics Imagirg Video camera | Still camera
Controls Servos Actuators
Launcher Launchpower | Springloaded | Compressed
gas
Structures Materials Carbon fibe Fiberglass Balsa wood
April 17, 2008 MARVLIS



System Breakdown @
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v v v v
< erodynamics Structures Propulsion Electronics < Launcher
—>) Airfoil —>) Airframe —> Propeller —> Camera —> Spring
—> Planform > Materials —>| Motor/Gearbox | [ Receiver —>| Telescoping Leg
2| Tail/Stabilizers —> Batteries —> GPS —>| Launch Electronic
—>| Control Surfaces —> Speed Controller | = MAV Interface
9

Servos

Legend

System < Subsystems> SubSubsystems
Requirements
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Video Camera Transmitter

Speed Controller

|Il’/

Mount propulsion system

Launcher must limit
acceleration to MAY Aerod .
structural limits erodynamics

Electronics

Structure

Propulsion

\pril 17, 2008 MARVLIS | Specifies integration (electrical, structural etc.)|




System Iteration Flowch@

[ System Requirements]

y y

Aerodynamics Propulsion Electronics
2Ay3 wCdzaS{| az2i2N) ot N2 LISY|f/INISNI I kDS NRA B¢ NI ya YA 0 d SN

Initial — I
Estimates 4@
Legend

PlanformSelection Airfoil Selection tgg?gzs
Optimize: Optimize: Drag
AD 2o} o
Alifting Area AIc, Initial Estimates

1 Updated
Subsystem
Primary lteration Loop Designs

_< Mass )<
./

A

Optimize: Arransmitter & Receiv
Arhrust ASpeed Controller
MAMass ACamera

GPS
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System Breakdown m
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11
v

Aerodynamics

P

Airfoil

Planform

v v ¥

Tail/Stabilizers

—>1 Control Surfaces

Legend

System < Subsystems> SubSubsystems

Requirements
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Aerodynamics
Iteration Diagram

_ Mass ,MAV,
(86.0 g) Dimension
Blant Selecti Airfoil Selection sl el
anform Selectio
Optimize:
Legend Optimize: EQICD Optlmlze
. -A-/D A_“gh stall
Subsystem Alifting Area ﬂCL/ Co
I
Design v v
to Specs [ Liftto Drag ) Stall Anale Moment Max. Lift
Ratio, L/D h g, Coefficient, Coefficient,
Sub L (6.03) | stall C,

subsystem

Designs

[ ) Tail Sizin T
Iteration Thrust = ° orate
Output Q 0.14N) y y
Control Surface
Propulsion Sizing _
/_} Propulsion
M

»
l

|— Electronics

!SS/
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Aerodynamics
Desigo Specifications

R
A Mass

I Determine lift required to maintain flight

A Maximum Dimension: Top Level System Requirement
I Maximum dimension of 6 inches
I Dimension includes propellgrlanform, and tail

A Motor Torque: Provided by Propulsion Subsystem
I Determine stability characteristics

April 17, 2008 MARVLIS 11



R

Aerodynamics
Chosen Airframe Configuratiofy54%5e

System Architecture
A InverseZimmerman wing planform
A Modified Y-Talil

Pros Cons

Alarge planform/lifting area with| A.arge planform area and
respect to maximum linear multiple tail surfaces will add
dimension weight

ATail provides minimal prop was| APlanform and tail will be
interference complex to size and fabricate

AEasy control surface integratior
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Aerodynamics
Planfoi$election Trade Study

Elliptical Rectangular Zimmerman : e Trapezoidal
Zimmerman
Planform Weighting © O Q D
Wing Area : Length ratio 0.25
Area : length ratio (best is
highest)
C, at level flight 0.50

C, values (best is highest)

C,/C, at level flight 0.25
L/D values (best is

highest)
Total 1.00

Wing Area : Length, designto spec:maximizing §,,6 A 0 K cé £ AYSI N £ AYA
G maxA MAVs with stability at high  NB Ij dz& N.J; defermihéd with AVL

G/CyA Standard measure of efficiency of an aircraft; determined WL
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Aerodynamics
Planform Feasibilit

Inverse Zimmerman

Higher lift than Zimmerman at level flight and more
az o KAIKSNI h

A Length : Area ratio beats elliptical at lower chords
A Simple control surface integration
Flow
Required Angle of Attack
14 40
i b
F 130
10
g - 25
s 8
3 -20
§ 6 115
* % Wing Area, S (cm®) 121.6
5
2 Required C, 0.938
10 20 30 40 50 60 70 80 90 100 X
Mass (g) Llﬁ: AVL Predicted C, 0.796

— (flat plate analysis only)

L 2
April 17, 2008 « 2rV°S MARVLIS 14



Aerodynamics
Airfoll Selection

Airfoil Properties Desired Performace

Thin ¥ =1.5% qmax High
Camber C=3%- 8% G, Low
Reflex R=1%- 3% 1 stall High
Parameters Performance

Camber 35% |G 0.94

Pos.Max. Camber 19% | G, 0.0216

Reflex 1% LV 12°

Pos Max Reflex 83%

XFLR5 used for analysis asdlection

%x/C

%x/R
April 17, 2008 MARVLIS 15
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Aerodynamics '
Modified &1l Configuration

A Provides stability above and below wiplgnform

A Separated top surfaces provide minimal interference with
prop wash

A Simple rudder integration on lower vertical surface

o il i

Front View
(not to scale)

6u‘.“’d

University of Colorado University of Florida 2005
Research MAV CompetitionMAVP
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System Breakdown m
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|

v
< erodynamics Structures
—> Airfoil —> Airframe
—> Planform > Materials
—>| Tail/Stabilizers
—>»] Control Surfaces

Legend

Requirements

System < Subsystems> SubSubsystems
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Structures
Materials Seléétion

Density
Material (g/cc) Specific Tensile Strength (Mpal Specific Modulus of Elasticity (Mpa) | Fracture Toughness (Mpa.m"1/z
min | max min max min max min max
min min|min max] max minfmax max min min | min max [ max min [ max max| min min| min maxf max minmax ma
Wood 0.6/ 0.8 30 70 6000 11000 5 9
related to
density _ 10000 7500 18333 13750 8 6 15 11
Carbon Fiber 14 1.6 550 1010 78000 175000 7 20
related to
density 393 344 721 631 55714 48750 125000 109375 5 4 14 13
Fiber Glass 100 200 10600 12000 8 20
related to

A Lowest density wood

A (Material property)/density, carbon fiber gives best overall
properties
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Structures

AirframBeam Bending Analysis

M, =n(L) =0.4mm
vy _ b Fwkoo))

S max ~ = =5.2MPa< s, ~5GPa

O It%z
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System Breakdown @
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) v
< erodynamics Structures Propulsion
—> Airfoil —> Airframe —> Propeller
—> Planform >, Materials —> Motor/Gearbox
—> Tail/Stabilizers > Batteries
—>»] Control Surfaces

Legend

Requirements

System < Subsystems> SubSubsystems
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Propulsion
Iteration Diagram

Aerodynamics

Grust Legend
7 1 to Specs
<Prope|ler Selection Motor Selection > Internal Design
RPM

Subsystem
Subsystem
Voltage Designs
Current
Power System Voltage Electronics
Selection Current
<>

April 17, 2008 MARVLIS
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R

.

A Propeller: Thrust requirement from Aerodynamics
I RPM & Torque

Propulsion
Desigio Specifications

A Motor: RPM& Torque requirements from Propeller
I Power (Voltage x Current)

A Battery: Voltage and Current requirements from Motor
and Electronics

I Capacity
I Number of battery cells

April 17, 2008 MARVLIS 22



.

LiPoBatteries, Electric Motor, Pull Propeller

- -

Propeller Detalils: Tw8laded, Rounded Tips

Propulsion
Chosen Propulsion Architecture

Pros

High efficiency

High maximum power

No exhaust issues

Battery can support electronics

April 17, 2008 MARVLIS 23



Propulsion
Propeller Feasibility

A Analysis was done for one propeller
I Constant pitch and diameter

A Want to design to alConOprequirements
I Max efficiency for cruise
i Max thrust for takeoff

Spec MARVLIS| Black

ThI’USt ) 114 098 DT,I;IJ'FUSt and Efficiency Posshille with Changes in RPM Tith a din Diameter F‘ropel{eﬂ:}
: Torgue = 001 Him
(N) angue = 002 Mm
Efficiency 67 78 Torgue = 003 N
Torque = .004 Nim
(%) Torgque = 005 N
RPM 6000 5250 _ 2
Diameter 4 3.81 g
(in) "
Pitch (in) 4.84 6.04 1 —
— lhrust
—- = Efficiency
Torque .0035 .00265 | :
(Nm) g 000 10000 000
RPM
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Propulsion

Motor Feasibility

A Calcuations fora FAULHABER 2.5¢g brushless DC servomotor
A Given DesigiTo Specifications: M =35mNm  n=6000RPM

A Assume a gearbox efficiency of 85%: M =3.5(6000 @.15/n

A Motor Equations:

& Dn
V=g (M L) SoEk, | =[M +ky 1]/ Ky

=V h=p®(M - k,1,)/(30000>

electnc)

P

electric

A Results at maximum efficiency

80000 0.302 12.3 0.047 1.13 67/5/5 8421 0.28 0.51
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Propulsion
Battery Feasibility

'5u\’aa '

EfficiencyFlowdown

R

' . =85%* ' =43% © =68%

i el pP =~0.25F -

Design to Specifications

W**

Motor 416mA 76.25mAh
Electronics 1.6W 12V 133mA 24.3mAh
Total 6.6W 12V 549mA 100.55mAh
Design Goal 7.92W 12V 660mMA ~120mAh
(20% S.F.)
April 17, 2008 MARVLIS 26
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Propulsion
Prelimin®sttery Selection

@

Design Goal 7.92W 12V 660mMA 120mAh

(20% S.F.)

PowerstreamGMO041235 T S
i

Maximum Voltage 14.8V (3.7V x 4 cells

Capacity 120mAh :
Mass per cell 2.39
Totalmass 9.29(2.3g x 4 cells)
'
: 120 O6 H
' L | 6 2 | Lt | | \JN:V' | “mm |
[ f)ra e‘ L v':"*.eél-.ed | -: Abp'-a‘.:ac 1 I ;’J-eté [ .
- GMB041235 DRAWING
| ‘ GM@ [Crawingi® |
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System Breakdown @
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v v v
< erodynamics Structures Propulsion Electronics
—> Airfoil —> Airframe —> Propeller —>) Camera
> Planform —> Materials > Motor/Gearbox | [ Receiver
> Tail/Stabilizers —> Batteries —> GPS
—>1 Control Surfaces —>| Speed Controller
— Servos
Legend

System < Subsystems> SubSubsystems
Requirements
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Electronics
Iteration Diagram

Image Quality
Criteria
A<10% Blur
ARecognize Targe

Time / Location

Stamp
Requirement

Aircraft Control
Requirement

Control Surface
Force

Requirement
Camera GPS Servos
‘ Range
Requirement
Aat least 300 ft
Image Transmissior Data Transmissio R/C R/C
System System Receiver Transmitter
I |
v
Speed Motor Power
Controller Requirements
Legend
O Designrto specifications
Mass> < Power
SubSubsystems
D Output MARVLIS 29




Electronics
Desiga Specifications

.

A Imaging System:
I Image capture/transmission
A At least 1 image every 30 seconds
I Detall
Al 2y F2NX¥a G2 W2KyazyQa /[ NAGSNAI
A No more than 10% blur
I Time/Location stamp

A Control system:
I Controllable up to 300 feet
A RC remote
I Variable speed control
A Electric speed controller
I Control surface controllers
A Servos that can exert TBD force
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Electronics
Image Capture and Transmission

Digital Video Camera

Pros

ACommon

ACan be extremely small

A asy to implemeninstall

A asy to view images

ANo timingof image capture

31
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Electronics
Determining Required Resolution

bu!“’d

Factors in choice of resolution: L
ASize of Object (3ft x 3ft) | | pov -
Mistance between camera and object (70 ft) 44 Fieldof S <
~ v - 5 View < \}'\/)
A2 KyazyQa [/ NRGSNARI o b &
ALYSNIQa CASER 2F *+ANSa algF NI ot S0

f‘“> resolution,, = densﬂyqu(altltude@ar%eFOTv%
¢ T
density,, = JallpEorF Criteria = = 2.66pixels/ ft

Sizeof Target

L1777/ ///////////IIIIII—TIIIII

Target

! |
I 1
3
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Electronics
Other Systems: Feasibllity

Transmitters
I Several Frequency choices
I 49¢ 10g
I ~$100 $200

Recelvers

I Several Frequency choices
i Costs ~$300.00 or less

Capture Card
I Digitally saves video
I Costs $50.00$150.00
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Electronics
Video Camera Trade Study

GPX121 CMX*408 CM-588/S CM588

% ; ia

Score | Value Score | Value

Mass 4.88 | 1.5¢9 2.93 | 2.5¢
Power 256 | .33W 256 | .33W

Max. Shutter 20% 1/96000 2.76 | 1/63000 | 2.76 | 1/63000

Cost 20% 2.25 | $200 2.82 | $160 2.25 | $200 2.67 | $190
Resolution* 0% 2.5 400l 2.5 240Ii 2.5 240Ii 2.5 380l
Field of View* | 0% 2.5 45° 2.5 60° 2.5 60° 2.5 60°

Final 100%| 2.132 _ 3.234 2,733

“

F 1 ff fAAGSR OFYSNIa alrdAra¥fe w2kKyazyQa / NARGSNAIIET GKSasS a
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Electronics
Control Feasibility

.

A Pilot remote control and receiver (2.4GHz)
I Looking atSpektrumremote controls and receiver
I Recelver mass as little as 2 grams
I 2.4GHz avoids motor and channel interference
A Speed Controller (regulates motor speed)
I Currently looking at Castle Creations and Thunder Power
I Mass of 10 g for 10 Amp rated controller
A Servos
I Looking at Blue Arrow Servos
I Average mass of 4 grams each
I Servos were considered superior to actuators

A All parts can be bought and are proven parts on RC aircraft
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Electronics
GPS System

Components
ArintedCircuit Board Already designed by Bill Pisano
AGPSFastraxTrax03S

A1.6 grams, 9W @ 2.7V
AransceiveMaxStreanxBeeZigBee

A3 grams, 313nW @ 3.3V
Antenna
Mrocessor

Feasibility
ocSimilar design has been used befstecessfully (Bill PisagqdCU Research)
oCommerciabff the shelf products do not exist which fit the design criteria

wlotal Price ~$308400
wlotal Mass <12 grams (without antenna)
wEstimated Power Consumption ~500mW

April 17, 2008 MARVLIS
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System Breakdown @
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v v v v
< erodynamics Structures Propulsion Electronics < Launcher
—>) Airfoil —>) Airframe —> Propeller —> Camera —> Spring
—> Planform > Materials —>| Motor/Gearbox | [ Receiver —>| Telescoping Leg
2| Tail/Stabilizers —> Batteries —> GPS —>| Launch Electronic
—>| Control Surfaces —> Speed Controller | = MAV Interface
9

Servos

Legend

System < Subsystems> SubSubsystems
Requirements
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Angle (deg)

Design Drivers
A aunch Profile
-Launch Speed
-Pitch Angle
AVIAV Properties
-MAV Mass
-Max Loading
AKCollapsible Design
-3 inch diameter
-12 inch length

Launch System
Preliminary Design

\Je\®

Pitch
Adjustment
Sensitivity of Pitch Angle Against Leg Length

100~
90
80
0
60 -
50~

Length of Leg (in)

— 4 in: Ground to Leg (()
4in: Pitch Angle (8)
Launcher to Leg (o)

10 in: Ground to Leg (B}
— 10 in: Pitch Angle (8)

Spring Constant (g/cm)

o

Launcher/MAV Interface
TBD

(Adjustable)
. Spring Loaded

Spring Constant vs. Spring Compression
X 10 Satisfying 10m/s launch speed

—— 509
—— 759
—— 100g

0 r r

-
0 5 10 15 20 25
Spring Compression (cm)
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Risks and Mitigation Str

A. Insufficient thrust
Empirical testing to aid motor selection
B. Insufficient lift
Design newlanformusing an airfoll
2 D capable of providing more lift. Increase
velocity
C. Vibration causes poor image quality
o C Foam to dampen vibrationfesign glide
™ mode for image capture
D. Electronicinterference
Shield electronic components. Move
components
E. Air Force Academy wind tunnel access
Execute wind tunnel tests using CU wind
tunnel (large errors expected)

AB

50

Conseq uence

2.0
m

2.0 3.0 4.0 5.0

Probability of failure
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Budget

<)
puv?
Income Category. Subsystem Item Quantity _Budgeted Amount
ASEN - ASEN 4018 Sr Projecs Funding $4,000.00
EEF - -
UROP Undergraduate Research I n CO m e by SO u rce
- Oppurtunity  Program $1,000.00
50.00
Total Income $5,000.00
|Expenses Category Subsystem Item Quantity  Budgeted Amount
Part Propulsion Lithium Polymer Battery Charger 1 $15.95
Part Propulsion Li-Po cells (I)* 3 $30.00
Part Propulsion Li-Po cells (I1)* 3 $30.00
Part Propulsion PCB for LiPo cells 1 $6.00
Part Propulsion Propeller material 1 $15.00
Manufacturing Propulsion Mold for propeller 1 $25.00
Part Propulsion Motor (I)* 1 $30.00
Part Propulsion Motor (I1)* $30.00
Part Electronics GPS system** 1 $400.00
Part Electronics GPS receiver* 1 $200.00
Part Launcher PVC piping (1x3" dia, 12" long) 2 $20.00
Part Launcher Actuators/Dials 2 $25.00
Part Launcher Springs 1 $15.00
Part Launcher Transmitter/electronics 1 $35.00
Part Launcher Batteries 1 $10.00
Aerodynamics  Misc testing suplies and integration .
Testing to AFA wind tunnel 1 $75.00 EXpe n d Itu reS by S u bsyste m
Aerodynamics
Manufacturing Polyurathane mold 1 $40.00
Part Electronics Controller 1 $300.00 $0.00
Part Electronics Receiver 1 $60.00 $105.00 $115.00 $121.95
Part Electronics Speed Controller 1 $50.00
Part Electronics Servos 1 $45.00
Part Electronics Camera 1 $200.00 Acrod .
X h X ercdymamics
Part Electronics Video transmitter 1 $128.00 = Fropulsian
Part Electronics Video receiver 1 $300.00 ;
Part Electronics Capture card 1 $100.00 =Bz
Launcher
Total Expenses 26 $2,184.95 = Misc
|_Ba|ance Budgeted Amount $1,783.00
Total Income $5,000.00
Total Expenses ($2,184.95)
30% Margin ($655.49)
Total Balance $2.,159.56 -

* denotes multipile units may be necessary for iterations.
** denotes rough estimate of price
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Next Steps

A Advanced design iterations

A Preliminary testing
I Thrust/Torque/RPMs
I Electronics

A Obtain testing approval from Air Force
Academy

A Fall Final Report
A CDR Presentation
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