29th Annual AHS Student Design Competition
“Rotary Winged Pylon Racer”
Executive Summary
The Pennsylvania State University
Undergraduate Category
The Dream Team

June 1st, 2012




ional Quadrocopter
Co

Selection i Score | We ['Score " Weighted = Score Weighted
Speed (FF) : 4.4 0.484 0. 44 0.385 45 0.495
Maneuverability : 4.5 0.776 O 67275 4 7 0.81075 3 7 0.63825 3.5 0.60375
Side flight . 3.9 0.497

Capability : 0.459 3.4 0.4335 3.7 0.47175 2 0.255
Fuel . 815 0.437

Consumption . 0.4125 3 0.375 3.4 0.425 15 0.1875
Slung Load . 4 0.360

Compatibility . 0.324 . 0.297 3.7 0.333 : 0.315
Hover Efficiency . ) 0.517 . 0.4255 . 0.391 3.9 0.4485 0.345
Agility . 4.2 0.672 . 0.608 : 0.656 3.6 0.576 . 0.4
Empty Weight . 0.410 . 0.37 . 0.31 . 0.39 : 0.23

3.744 3.35275 3.40325 3.2775 2.60125

The scoring results were conclusive; the entire team was satisfied with the coaxial
compound concept. This configuration is highly maneuverable with enough forward speed
through the use of a lift-offset rotor.




Tension in the 15 ft Kevlar cable thrc
mission determined the hoist equipment

At maximum speed the drag ,weight, and
centrifugal force of the slung load was used to
evaluate tension in the cable

Tension:
— Te: 347lbs
Hoist:
Goodrich 44301
Weight:
e 92 lbs
Max Lift Load:
e 600lbs
Misc. Design Features:
 Emergency Cable Cut




— NACA 0012 Airfoils

— Adjusted within simulation for optimal balance
between agility and stability
 Vertical Stabilizer Surface Area: 10.88 ft?
e Horizontal Stabilizer Surface Area: 12 ft?




Trends in Composite Usage in

Altair will utilize a completely i
Fighters, Transports and Rotorcraft

composite skin and airframe
[T "nﬂ-“‘f_
This is a reasonable feature for -
rotorcraft as seen in “Trends in
Composite Usage in Fighters,

Transports and Rotorcraft.”
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Phonelic composite as well as
carbon epoxy composite were
selected to use in Altair
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All lamina properties were taken
from Hexcel
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I Weight [Ib
Main rotor blade v Mein Rotor Blades  322.4 o
are based on a design EI [550¢ —

load factor and rigid rotor Horizontal 24.3 21.9

Hub accounts for a Stabilizer

h, | d . Vfertical Stabilizer  19.2 i3
Inge €ss ESIgn Push Propeller 216 216

Includes adjustments for Fuselage 303.6 303.6
composite materials Landing Gear 1313 1247

Adheres to the engine Engine Installation 215 215
weighting specified in RFP Propulsion 51.5 | 36.1

Subsystems

Estimates propeller Fuel System 56.2 56.2
weight based on installed Drive System 303.1 303.1
power trends for fixed- Cockpit Controls ~ 17.6 17.6

Wi ng aircraft System Controls 42.9 42.9
Auxiliary Power 150 150
Plant
Instruments 13.9 13.9
Hydraulics 50.8 38.1
Electrical 86.9 75.6
Avionics 40 40

Empty Weight: 2253 lbs Furnishings 23.9 23.9
Gross Weight: 2830 Ibs Manufacturing 11.6 11.6

Variation
Hoist 92 92




Propulsion Subsystems

Horiz. Stabilizer
Hydraulics Main Rotor, Hubs Engine

Instruments

e CG located 6.5 /’
inches behind the R
main rotor and 10.5 : ' / /

ft from the nose

System Controls

Avionics

Controls Landing Gear

Aux Power Vert Stabilizer
Fuselage
Furnishings

Electrical




Engine geometries and specifications for

S.L./ISA conditions

Engine rating and Geometry

MCP (SHP)
MRP (SHP)
SFC (MCP)

Diameter( in)

Length (in)
Dry Weight (Ib)
Input speed (RPM)

936
1170
0.3859
13.9
31
215
18,000

Gear Box 1
(Main rotor)

Gear Box 2
(Propeller)

Engine Input

Spiral Bevel Gear
10:1
Planetary Gear
4.24:1

Spur Gear set 1 Spur Gear set 2
2:1 3.6:1

Drivetrain layout with reduction ratios at each gear stage




Transmission is composed ¢

Engine input, main rotor, and prope
Gearbox 1 weighs 247 lbs:
— consists of one planetary gear and a set of spiral bevel gear

— total reduction is 42.4
Gearbox 2 weighs 51 Ibs
— consists of two sets of spur gears
total reduction is 7.2

Spur Gear Pitch Diameter (in) Tooth Count

Pinion 1
Gearl
Pinion 2

Gear 2
Planetary Gear

Sun
Planet (X4)

Ring
Spiral Bevel Gear

Spiral Bevel Pinion

Spiral Bevel Gear

e other one for the propeller

Face Width (in) Pressure Angle (degrees)

20
20

20
Spiral angle (degrees)

25

25




Engine and transmission
CAD model

Internal view of engine and transmission
installed inside the fuselage




* designed for high maneuverab
and efficient forward flight
performance

— High solidity for maneuvering

Disk Loading: 2.0 Ibs/ft?

— Main rotor RPM selected '/ O zz:zsjf;
based on autorotative v Disk Loading: 3.5 Ibs/f?
performance, gearbox weight, ) Disk Loading: 4.0 Ibs/f?
and Mach divergence Disk Loading: 4.5 lbs/ft2

ConSiderationS Disk Loading: 5.0 Ibs/ft?
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~—®— Baseline (0%0°)
4 == Equal twists (-20%-20°)
= & = Optimum (-18°/-3%)
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ONERA 212, VR-15, OA 206
airfoils used to accommodate
varying flow conditions along
main rotor blades
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Power normalized by
baseline rotor hover power
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Pn (Baseline) = 75.67 hp
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e Hingeless hub selecte
for larger moment tran
and reduced drag bt G

Upper Rotor
Linkages

e Differential collective
pitch achieved through use __
of two independent 0 e
linkages s

BShplate/Linkages

e For the selected main rotor
flapping frequency ratio of 1.8,
tip deflection was calculated
for a range of cyclic and lateral
pitch inputs at the maximum
forward flight speed condition

e Hub spacing was determined
to be 1.8 ft




Situational Physical Parameters
Parameters (Nb, RPM, Diameter Spinner Dia,)

(\el, Thrust)

Propeller Geometry

(Are the physical parameters at
max efficiency?)

Pitch Variation

(Are pitch constraints
wtihin flight envelope?)

Total Performance
Integration




Nb vs. Efficiency

715 1 1 1 1 1 1
8 10

Number of Blades

Each design point was chosen to maximize total
propeller efficiency

Once the geometry was finalized, pitch

variation was calibrated based on the most
efficient propeller pitch as it varied
throughout the flight envelope

Propeller Effieciency as it varies with RPM

Efficiency

1
2600

> 437




The tailboom was

The system was modeled assu
all of the forces the tailboom experie

Stress, strain, and deflection of each stiffener location was calculated

AS/3501 Allowable (ksi)

Area: 0.02in2 i
rea: 0.02in AS/3501 UTS (ksi) (F.S=13)

Area: 0.02in?

Net Stress Allowable
Focaligy (ksi) UTS (+) UTS()  Allowable(+) Allowable(-) Stress/Net  Strain (in/in)
Stress

3.43
1.46
2.81
2.18
1.06
1.86

Deflection (in)




In the unfortunate eve
Altair is designed with a
absorbing floor system

This floor is a polyurethane based
material that is designed and placed
under the pilot seat

This floor will absorb forces as well as
dampen out vibrations during a crash to
protect the pilot

Fuselage Load Paths

|Stiff Upper
Fuselage Stiff Structural

bet;tlor\ Floor

Energy-Absorbing
Subfloor

Tailboom Load Paths




With Propeller (Min Power)

Without Propeller
Power Available (MCP)

Upper Rotor
Lower Rotor
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BEMT performance baseline wit
Propeller integrated into all

Drees inflow model




Earth fixed coordinate sys
developed for most of the

Slaloms:

— Modified flight path to fly closely to p

— Use of starting and end coordinates to construct flight path
Level Turns:

— Flight path follows prescribed course in RFP

— Use of starting and end coordinates to construct flight path
Accelerations:

— Modeled as second order polynomials with unique average and
maximum acceleration values

Decelerations:

— Developed based on energy state of helicopter to avoid entering
into a zero power state

Decelerating Turns:

— Developed based on an iterative routine involving construction
of a flight path of varying turn radii within specified starting and 5
ending coordinates Xe = Vcostycospy,
Hammerhead:

— Developed based on an iterative routine involving construction
of a flight path within specified starting and ending coordinates . ]
adhering to course constraints and altitude restrictions Y, = Vsing,
Pirouette:
— Developed based estimated time of completion from X-Plane
simulation and total heading change
Side Flight: Z, = VcosO,sin(—p)
— Yaw moment on the vehicle calculated in sideward flight to
determine the required differential collective pitch
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LD 1: Level Deceleration 1
LD 2: Level Deceleration 2
LD 3: Level Deceleration 3
LD 4: Level Deceleration 4

Distance Covered [ft]

Max Bank
Angle [deg]

Max Turn
Rate [deg/s]

Fuel

LA 1: Level Acceleration 1
LA 2: Level Acceleration 2
Burned

LA 3: Level Acceleration 3
LA 4: Level Acceleration 4
LA 5: Level Acceleration 5
LA 6: Level Acceleration 6

Time [s]

Maneuver

HH: Hammerhead
RTT: Return to Target

Turn Radius [ft]

[Ibs]
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Each Turn Radius: 1000

51.17

11.46

0.41

9.40

Slalom 1

|
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15 deg, 30 deg, 15 deg turns

Straight Distance: 1818

63

, 90 deg turn

Turn Radius: 625

60.86

17.42

0.27

6.20

Level Turn 1

1000

15 deg, 30 deg, 15 deg turns

Each Turn Radius:

53.86

12.03

0.43

9.25

Slalom 2

1818

Straight Distance:

Turn Radius: 515, 160 deg turn

53.53

15.13

0.42

11.50

el Turn 2

Lev

Power Available (MCP)

Power Required

0

0.69

0.48

30
20

Hover

X-Plane: Power Available (MCP)

X-Plane: Power Required

Turn Radius: 45

18

Pirouette

Straight Distance: 500

o

=3

Side-flight

6.97 1b

3477

TOTAL
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X-Plane: Roll Attitude
X-Plane: Pitch Attitude

ayenolld

— X-Plane: Altitude
— Altitude Restriction
Pylon Height
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Factor

b1 epIs

Load Factor
X-Plane: Load
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X-Plane: Propeller Pitch

Propeller Pitch
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