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* Outline

e Background
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e Subgroup Presentations
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- Background

* What Is an autogyro?

— Thrust
* Provided by Lii fes%ljtfor;t
conventional propeller s f onrotor
. through the rotor
engine |
- Thrust [ Netds
R Oto ] Pm“gz”;?m' ® = frssn rr;tgur
& airframe
* Un-powered rotor turns
freely
— Provides lift Y

Weight
* Rotor disk inclination

— Upward airflow
through rotor



4 Background (cont.)

e Force breakdown

— Driving force produces iy
I emaat i, C Thrust force
autorotation B
o Rotatlng Wlng \ MWITE: Angles exageratad far clarity
— Higher relative velocity =~ ~~~-._ \
than body of the {c
vehicle B e -
» Slower takeoff speed Upr//’R'/iH
° Shorter takeoff dlstance In zutorodation, flow is upward through the rotor



4 Background (cont.)

 Angle of attack of the plane of rotation

— Reduced as the velocity Is increased

* Enables more efficient forward flight than a
helicopter

 No adverse torque

— No need for rotary powered yaw control
* Reduces weight, design, costs



Z Mission

« STARCraft Overall Objective

— Conceive, design, fabricate, test and verify an
autorotation assembly that will be integrated
with an existing airplane kit

 Rationale

— To provide a short takeoff and landing vehicle
capable of surveillance and reconnaissance in
the field



& ODbjectives

o Short takeoff and landing (standard heli-pad)
— Takeoff: 10ft (3m) high within 30ft (9.1m)
— Landing: 15ft (4.6m) radius

e Roll control
— Roll rate: minimum of 17°sec (general aviation)

* Ability to carry a 2lb (0.91kg) payload
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“fww|  Structures Integration
Overview of Objectives

e Functional Needs

e Performance Metrics
 Trade Studies

e Design-To Specifications



Z Functional Needs

o Airplane Kit
— Light weight for minimal strain on rotor
— Adequate space to house electronics and payload

— Structural integrity to handle loads transferred through
Interface

 Engine
— Adequate thrust to fly aircraft
— Low cost
— Light weight

o Kit-Shaft Interface

— Structural integrity to handle interface loading
— Shaft assembly entirely external and removable
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Z Performance Metrics

o Airplane Kit

— Weight

— Cost

— Configuration (Landing gear, engine mount)
 Engine

— Weight

— Cost

— Power
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§°

Airplane Kit Trade Study

-Stick
Great - Construction
2 stroke 0.32-0.46in3 .
Planes $160 | 2.04 kg .. | Taildragger | -Fully Aerobatic
Dazzler 4 stroke 0.40-0.52in _Oversize Control
Surfaces
Great > stroke 0.40-0.51in? -Stick
Planes stroke 0.40-0.501In . Construction
Big Stik $160 | 2.40kg 4 stroke 0.60-0.80in3 Tricycle -Aerobatic
40 Capabilities
Great
Planes 2 stroke 0.40-0.51in3 _
L Fusel
Cessna $190 | 2.72kg 4 stroke 0.52in3 Tricycle arge Fuselage

182
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- Engine Trade Study

0O.S. FS-70
4-stroke

$300 502 g 1.2 bhp

0.S. 50 SX Ring

160 390 1.8 bh
2-stroke 3 J P

Thunder Tiger
Pro 46 $80 482 ¢ 1.43 bhp
2-stroke




%@m Airplane Kit Selection

Great Planes Dazzler

§°

*Balsa and Plywood Construction
sLightweight - 4.5Ib

*Qutstanding Aerobatic Capabilities: Structurally
designed for high stress maneuvers

«Affordably Priced - $160
sEasy Assembly — 12-15 hours
«Taildragger Configuration
*Stick Construction

*Oversized Control Surfaces
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SPW Engine Selection
O.S. 50 SX Ring

§°

*Displacement: 0.499 in3

*Designed as a high performance alternative to size 0.46
engines (Same mounting configuration)

*Highest Power Output - 1.8 bhp @ 17000 rpm
*Practical rpm range: 2000-20000

sLowest Weight - 390 g

*Affordable
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“Jww| Design-To Specifications
Center of Gravity
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3" aft of wing leading edge - initial CG position of

™

 Designto X
Kit

 Verify CG of fuselage (using a CG stand) to determine any
change in CG position due to the removal of the wing

 Final CG will be calculated from positions and masses of
individual components.

cgo’

M; X (Where M, X, includes fuselage,
M servos, payload, etc)
total

Xeg = XcG0 n
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%W Design-To Specifications
Center of Gravity (cont.)

« Payload will be centered on CG allowing the payload to
be varied without affecting the CG position

e Fuel will be the only variable in CG

MMMMMM

CGaft Cwad
CG Position
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%@cm@ Design-To Specifications
Rotor Assembly Placement

*Rotor Assembly should be attached slightly aft of CG

*Putting CG ahead of lift creates a nose-down moment
to counter the nose-up moment produced by the rotor
assembly

I\/IRotor
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%M Design-To Specifications
Interface Loading

 Design driven by worst case landing - Fall from 2m, landing gear

acts as a spring and gives by 6cm on impact
~— Vimpact = 6.26m/s (V2 =V, + 2ad)

— Qppact = 327M/s? (a = (V2 - Vy?)/2d)
— F =ma = 1kg(327m/s?) = 327N (Compression at interface)

Shaft Assembly

—

Fuselage
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%M Design-To Specifications

Interface Loading (cont.)

Apply a safety factor of 2 to interface loading

— Fac = 2(327 N) = 654 N

— Load on impact is an impulse loading, acts for very short time
Fuselage is balsa construction

— For quarter inch balsa, cross-section area = 4.03 x 10> m?

— For medium density balsa, Compressive Strength = 12.7 MPa
* F=(12.7 MPa)(4.03 x 10> m?) =512 N
» Load spread over 4 post construction - capable of 2048 N
— For high density balsa, Compressive Strength = 21.9 MPa
* F=(21.9 MPa)(4.03 x 10> m?) = 883 N
* Load spread over 4 post construction - capable of 3532 N
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ot Aerodynamics

§°

Overview of Objectives

Functional Needs
Performance Metrics
Aerodynamic Analysis
Trade Studies
Finalized Specifications
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§°

Functional Needs

* Provide enough lift to fly autogyro with
nayload

 Provide a strong enough moment to roll
aircraft

* Blades strong enough to handle
centrifugal and lift forces

 Blades must integrate into rotor shaft
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e Blade Materials
— Weight
— Cost
— Strength
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& Lift — Blade Element Analysis
s
I ¢
M
s V=V,+ o e dL =% V2cCdr
* C=Cp + G e dD =% V2cCdr

Conclusion:
To maximize L/D one must maximize C/C,
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e Roll

[
‘ ‘ A
e M=2 LXR e L=% V2S C
e C,=C,
Conclusion:

To maximize L one must maximize C,
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%M Autogyro Data

e Wind tunnel testing’
— 4 Blades perform better than 2 or 3

— Aspect ratios between 8:1 and 12:1

— Thickness between 10%-13%, 10%
performing best

— The SG6042 performs better than the Clark
Y, Clark W or NACA H813 airfoils at
applicable Reynolds numbers (RN<155,000)

*Baxter — Wind tunnel test research paper by Lester W. Garber, Ph.D. and Bill

Friedlander, PhD from University of Minnesota 21
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§°

SG6042

Airfoll Trade Study

0.29

0.11/deg

0.023

13°

Yes

Clark Y

0.26

0.09/deg

0.025

15°

NO
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fé Rotor Diameter”

o Estimated Total Weight = 8lb = 1280z
e Rotor Diameter 70in =1.78m
 Blade Length 0.87m
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