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Trim Analysis of Coaxial Rotor-Pusher Helicopter in Level Flight
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Abstract

Recent studies on future helicopter have been carried out in various means to overcome performance
limitation of a conventional helicopter. Future helicopter compromises of forefront technical features
incorporating a co-axial rotor, pusher propellers, and control surfaces to better provide lift and thrust, thus,
allowing a future helicopter to differentiate itself from a conventional helicopter regarding to flight
performance. To investigate flight characteristics of a Coaxial Rotor-Pusher Helicopter during level flight as
its primary flight maneuver, aircraft modeling was performed utilizing FLIGHTLAB. The generated model was
then used to examine the blade tip Mach number, lift-offset, and control surface’s influence on the aircraft’s
flight characteristics during level flight.
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0y . Upper Rotor Input

0, * Lower Rotor Input

0, . Collective Pitch (deg)

Og : Longitudinal Pitch (deg)

0o . Lateral Pitch (deg)

Af, : Differential Collective Pitch (deg)
Afg : Differential Longitudinal Pitch (deg)
A, : Differential Lateral Pitch (deg)

Opp  : Pusher Propeller Pitch (deg)
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d, . Elevater (deg)

J, : Rudder (deg)
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Fig. 1 FLIGHTLAB Model of Coaxial Rotor-Pusher
Helicopter
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Table 1 Parameter of FLIGHTLAB Analysis Model

Component Parameter Value
Radius 1
/ MR" Radius
Mean Chord 0.072
No. of Blade for n
Coaxial each rotor
;at f Airfoil NACA 23012
oto Hub Separation 0.14
(Blade
Upper Rotor Counter Clock
Element . . .
Direction Wise
Theory)
Lower Rotor .
. . Clock Wise
Direction
Hub Model Articulated Hinge
Inflow Model Peters—-He Finite
State Inflow
No. of Blades 8
Radius
/ MR Radius 022
Pusher Rotor Counter Clock
(Bailey) Direction Wise
Rotor Speed
/ MR Speed 591
Inflow Model Uniform Inflow
Horizontal = 1\ 04 0012
. Stabilizer Airfoil
Tail Plane Vertical
Stabilizer Airfoil NACA 0012
*Main Rotor
3. EB wotz&

TEHENAY ZH

#317]

A BAe

7]

w3 2

VSIS

H/HQ] B.o]/H_Q

_%__
(Advance Ratio, weoll ois] e At

Us
H= 27 2R
True Airspeed
Main Rotor Speed
Main Rotor Radius

a3 A=
“I’]o ==

¥4 daEEe B whe ®
slakel 2ol AT
Blade Tip Mach Number, Lift-Offset, ¥4 %
doll theh dads gelalth. 24 74 849

A4 wae o g
F =%
ek

j‘

A% dNe Aruas, EEdr] 2

A FPEReH, A 5”‘113

(3

3.1 Blade Tip Mach Number(0l3} Tip Mach)
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Fig. 2 Tip Mach Effect @ LOS 0.3
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Fig. 7 Longitudinal Pitch Input, Required Power
and MR Bending Moment due to Elevator
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Table 2 Level Trim Method According to
Advance Ratio

Mo | 0n | 00| 8 | b |0 L0S

0~0.1 x | O | %

0.1~0.3 O | O | x| 8 |09]03

0.3~068 | O | X

EY &4 FLIGHTLABol Wdd Fe-3= H
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Table 3 Trim Law and Parameters According to
Advance Ratio

Advance Ratio
Parameters
0~0.1 | 0.1~0.3 | 0.3~0.68
Roll
Angle O O O
)
Pitch
Angle O X <
(©)
0, O O O
Trim O O @) O
Variable 0, ) ) O
Af, O O O
Afg O O O
Ab O O X
0pp < O O
0, X X O
e Body acceleration (X, Y, 72)
Tri e Body angular acceleration
Ta‘;me‘t (Roll, Pitch, Yaw)
& e Lateral and Longitudinal
Lift-Offset
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