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Aceroelastic Analysis of Helicopter Composite Rotor
Blade Using Large Deflection Beam Theory in Forward Flight

Seong Min Jeon™ and In Lee**
ABSTRACT

The aeroelastic response and stability of composite rotor blades are investigated using a large
deflection-type beam theory. The finite element equations of motion for beams undergoing arbitrary large
displacements and rotations, but small strains, are obtained from Hamilton's principle. The sectional
elastic constants of a composite box beam including warping deformations are determined from the
refined cross-sectional finite element method. The analysis is performed for a soft-in-plane hingeless
rotor in free flight propulsive trim. Numerical results of rotating natural frequencies, blade response and
aeroelastic stability are presented. It is found that the results of the full finite element analysis using the
large deflection-type beam theory are somewhat different from those of a previously published modal
analysis using the moderate deflection-type beam theory.
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Fig. 1. Cross-sectional modeling of composite box beam
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Table 1. Rotating natural frequencies (Hz) of symmetric layup box beam

Top & Bottom : , Right & Left: at

Mode  Experiment[8] Detailed FEM[11] Smith & Chopra[20] Present
Flap 1 28.60 2733 28.13 27.12
Flap2 135.0 133.6 139.8 1319
Lagt 39.50 38.66 4285 3839
Lag2 NA 2363 261.3 236.9
Torsion 1 NA 8729 936.1 935.9
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Table 2. Rotating natural frequencies (per/rev) of baseline, symmetric and antisymmetric composite box beams at {2 = 383rpm

Configurations Mode Smith & Chopra[20] Present
Baseline Flap 1 1.146 1.144
Flap 2 3.389 3.379
Top [0+/(15/—15):/(45/ —45)]; Flap 3 7.416 7.351
Bottom [0y/(15/—15)+/(45/—45)2), Lag 1 0.747 0.746
Right [0/(15/—15)4/(45/—45).]s Lag?2 4315 4.304
Left [0+/(15/—15)4/(45/ —45),], Torsion 1 4.590 4.622
Torsion 2 13.60 13.62
Symmetric Flap 1 1.142 1.139
Flap 2 3.346 3.322
Top [0+/(15)/(45/—45):]; Flap 3 7.265 7.151
Bottom [0+/(15)¢/(45/—45)]; Lag 1 0.747 0.737
Right [0+/(15/—15)4/(45/ —45).]; Lag2 4314 4.250
Left [0/(15/—15):/(45/—45)2)s Torsion 1 4.590 4.617
Torsion 2 13.62 13.68
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Table 3. Vehicle and structural properties of composite rotor blade

Main rotor
Number of blades 4
Radius, ft 16.2
Hover tip speed, ft/s 650
Blade aspect ratio ¢/R 0.08
Solidity & 0.1
Thrust level C./é 0.07
Lock number 6.34
q 5.73a
G 0.0095+ 0.222
Mass per unit length, slug/ft 0.135
Kni/R, Kz /R 0.0001, 0.0004
Hub lenth, x,, /R 0.04
Aerodynamic root cutout, X,,,,/R 0.10
Tail rotor and horizontal tail
Tail rotor radius, ft 3.24
Tail rotor solidity, &, 0.15
Tail rotor gear ratio, £, / £, 5.0
Tail rotor location, x;,/R 1.2
Tail rotor above c.g., b, /R 0.2
(G 6.0a
Horizontal tail location, x, /R 0.95
Horizontal tail planform area, s;,/7R’ 0.011
Cin 6.0a
Vehicle
Total vehicle weight, Ib 5800

Longitude and latitude offsets, x.,/R, y.,/R 0.0,

0.0
c.g. below hub, A/R 0.2
Flat plate area, f/7R’ 0.01
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