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ABSTRACT

A Study on Helicopter Flight Dynamic Simulation

with Flexible Blade and Unsteady Airflow

Lee, Hwan
Advisor ¢ Prof. Lee, Sang Kee, Ph. D.
Department of Aerospace Engineering,

Graduate School of Chosun University

This dissertation describes the study of a coupled rotor-fuselage flight
dynamic simulation that includes the effects of flexible blade and unsteady
aerodynamics on flight dynamics characteristics of an articulated rotor
helicopter. A new trim procedure is presented for the purpose of reducing
potentially prohibitive computational requirements. Computational results are
presented for trim solution, frequency response and time response to pilot
inputs. It i1s verified by comparing the correlations with actual flight test
data and commercial code(FLIGHTLAB) results. The results indicate that
when an unsteady aerodynamic model is used, we can get improvements of

solution in the trim pitch settings of main and tail rotor, in the frequency
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response, and the free flight response to pilot inputs. These changes
slightly improve the correlation with flight test data, and can usually be
explained by specific changes in lift distribution over the rotor disk.
Noticeable changes can be seen in the poles associated with rotor modes.
The effect is typically that of decreasing the damping, although no mode

becomes unstable or dangerously lightly damped.

Key Words : Helicopter Flight Dynamic Simulation, Flexible Blade,

Unsteady Aerodynamics
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Fig. 2.1 Helicopter Mathematical Modeling.
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Point on the Elastic Axis of the Blade with

Fig. 2.9 The Position Vector of a

respect to Inertial Coordinate System, Ig
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Fig. 2.14 Main Rotor Equation Flow.

_56_




TAAA} A A Y VEHA AFFEEEE ERE I
U=ty r—zqt u (2-181)
vi=vtzp— ot Uy, (2-182)
w/=wtx ,g— vt ws, (2-183)

ANN g, g g A RASAN BB BAL B AEH A

B AEEo|t). Uy Uy %f% T 3AY =7, 7 B £ THRILHZD
T2 e SR APAQd AE Ed 2 vl UH-60Ad dis] o It
AEE Ae2 o 2o
Z/th=ﬁovx%,(ﬁ1c,x) (2-184)
Z/thzo (2-185)
th/:Z/OVz,/(BICaX) (2-186)

ANA 4 g TES AEANA ARHEEE FRIG v (B x)%
Vo ABL, 0 delE E2RE FRAH4] FANA Rzt dving e
&3 2

-1 Y (2-188)

_57_



L (2-189)

i%/::égf(lngZ%H—ﬁ%a (2-190)

UH-60A°] tia nA% 54 FHAFE nhgts AxANA 4wt
Cp=Cp )+ Cp B ) (2-191)
Cy=CiIB ) (2-192)
CL/: CLQ/(G-)‘FCLW(_B/) (2-193)
Co=— |[3} =7 CellB ) (2-194)

B,
Ciy=Cy A )— 5 =~ Cu kB D (2-195)
Cy= CN/(—B,) (2-196)
vz FE AN B39 T4 zEeEe goa g

o=—aCy i —0,Cyi—a/Cy i s (2-197)
M= —q.Cy iy— 7,Cy jr—a,Cy ky (2-198)

ZReo ZH waE FRA A FEREL /A FEAZ AR o F4 9

[e]

T AN FAREA Ay

=

A7te wsol Ak WHYA L R E

FIANA A= A2 dIHE PAH FAeT
15 ?
jé:[ C iA (2-199)
k k

_58_



cos® e0sB , cost sinB , —sind ,
sind 08B , —sin@ sinB , cos@ ,

[ Cul=

FA #UARFES A9 FAFHAA dehE dew g,

X 9/
Yq% Cu) Fu=l Cyl —4.C (2-201)
Z —7,C
L
M~ /I% = Cy) Myt xx F, (2-202)
N

o] 7] A] Jg/% Z1A el FATAA W A THvIEH] HAEEHE v&

2o

X~ L5ty Jstzr ks (2-203)

_59_



wa f Vwa

U,V W, pqgr
—

A

Fuselage Body Axes Velacities
Ug Vi W

A

Local Angle of Airflow
Dynamic Pressure

a B G

A\

Fuselage Aerodynamic Maps
Cor Cv Cit Crr Cywr Cu

Y

L ocal to Body Axes Transformation
[Cb/f]

Y

Fuselage For ces and Moments
at theCG
Xe Yi Ze L My Ny

To Motion Module
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Fig. 2.18 Empennage Equation Flow.
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Table 5.3 Fuselage Parameters of the UH-60A Helicopter.

Helicopter Parameter Nominal Value Symbol
Gross Weight 16000.0 WU /5]
Inertia about X-body axis 4659.0 ]m[ Slugs— ﬂZ]
Inertia about Y-body axis 38512.0 fﬂls/zzgv—ﬂz]
Inertia about Z-body axis 36796.0 ]ZZ[ Slogs— ﬂ2]
Inertia about X-Z body axes 1882.0 [K[S/Z/gf_ﬂz]
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Table 5.4 Main Rotor Parameters of the UH-60A Helicopter.

Main Rotor Parameter Nominal Value Symbol
Number of Blades 4

Radius 26.83 A
Blade Chord L75 d/7
Rotational Speed 27.0 Q[ 7] sec ]
Tip Speed 724.41 V}Zﬁ[ J¥ sec]
Longitudinal Mast Tilt -3.0 # adl
Airfoil Section SC1095

First Airfoil Section 5.08 [ A4
Blade Precone 0.0 B): deg]
Linear Blade Twist -18.0 O, deg]
Solidity 0.083 0
Lock Number 511 ¥
Control Phase Shift -9.7 A J deg]

Table 5.5 Tail Rotor Parameters of the UH-60A Helicopter.

Tail Rotor Parameter Nominal Value Symbol
Number of Blades 4
Radius 5.5 VAW
Blade Chord 0.81 d
Rotational Speed 124.62 QI 72d] sec]
Tip Speed 685.41 [ A sec]
Rotor Shaft Cant Angle 20.0 [deg]
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Displacement (Non-Dimensional)

Frequency = 0.2680 O
T

12 1 I ! 1 1 ‘ ! !

| —— L agwise

|| =——Flapwise

Torsional

02 i i i i i i i i i
u]

01 02 [iE! 04 ns 0G 07 na na
Spanwise Location (Non-Dimensional)

Fig. 5.24 First Natural Mode Shape for Articulated Rotor Blade.
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Fig. 5.25 Second Natural Mode Shape for Articulated Rotor Blade.
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Displacement (Non-Dimensional)
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Displacement (Non-Dimensional)
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Distribution of the C|

a0

T T T T i
L I I | -

0.6 0.4 0.2 0 0.2 0.4 0.6

Fig. 5.36 Contour Plot of C/for Quasi-Steady Aerodynamics in Hover.
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Distribution of the CI
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Fig. 5.37 Contour Plot of C/for Unsteady Aerodynamics in Hover.
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Distribution of the CI
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Fig. 5.38 Contour Plot of C/for Quasi-Steady Aerodynamics in Forward Flight

Condition, = 190 Afs
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Distribution of the C|
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Fig. 5.39 Contour Plot of (j/for Unsteady Aerodynamics in Forward Flight

Condition, p= 120 A
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Distribution of the C 7

a0

Fig. 5.40 Contour Plot of C, for Quasi-Steady Aerodynamics in Hover.
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Fig. 5.41 Contour Plot of C, for Unsteady Aerodynamics in Hover.
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Distribution of the Cd
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Fig. 5.42 Contour Plot of C, for Quasi-Steady Aerodynamics in Forward

Flight Condition, = 19() s
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Distribution of the Cd
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Fig. 543 Contour Plot of " for Unsteady Aerodynamics in Forward Flight

Condition, = 190 Af
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Distribution of the Cm
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Fig. 5.44 Contour Plot of C, for Quasi-Steady Aerodynamics in Hover.
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Distribution of the Cm
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Fig. 5.45 Contour Plot of C, for Unsteady Aerodynamics in Hover.
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Distribution of the Cm
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Fig. 5.46 Contour Plot of C, for Quasi-Steady Aerodynamics in Forward

Flight Condition, p= 120 Afs
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Distribution of the Cm
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Fig. 5.47 Contour Plot of C, for Unsteady Aerodynamics in Forward Flight

Condition, p= 120 Afs
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Distribution of the o,

a0

Fig. 5.48 Contour Plot of a, for Quasi-Steady Aerodynamics in Hover.
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Distribution of the o,
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Fig. 5.49 Contour Plot of a, for Unsteady Aerodynamics in Hover.
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Fig. 550 Contour Plot of a, for Quasi-Steady Aerodynamics in Forward Flight

Condition, = 120 A1
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Fig. 5.51 Contour Plot of a, for Unsteady Aerodynamics in Forward Flight

Condition, V=120 /Afs
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