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Abstract

This study conducted aeromechanics modeling and structural load analyses of Tilt Rotor Aeroacoustic Model (TRAM),
a 25% scaled V-22 tiltrotor model used in wind tunnel tests. A rotorcraft comprehensive analysis code, CAMRAD II, was
used. Analysis results of this study in low-speed forward flights were compared with DNW test and previous analysis
results. Blade flap bending moments were in good agreement with measured data. Mean values and oscillatory loads for
lead-lag bending and torsion moments were slightly different from measured data. However, when mean values were
removed, results of structural loads for one rotor revolution were moderately compared with wind tunnel tests and
previous analyses. Total forces and half peak-to-peak forces of the pitch link reasonably well matched with previous
analysis results and measured data. Finally, harmonic magnitudes of blade structural loads were investigated.
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" (c) S4 (d) TR-100
Fig. 1 Various tiltrotor aircraft
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(a) Helicopter mode (b) Airplane mode
Fig. 2 Flight modes of tiltrotor

(b) Airplane mode
Fig. 3 Tilt Rotor Aeroacoustic Model(TRAM)

in the Dutch Wind Tunnel(DNW) [10-12]
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Table 1 Properties of TRAM tiltrotor [10-12]

Hub Type Gimbal hub
Number of blades, Ny 3
Rotor radius, R 4.75 ft
M blade chord
ean blade chor 0.52 fit
length

1588 (Helicopter mode in
design)
1410 (Helicopter mode in
test)

1331 (Airplane mode)

Airfoil sections XN28, XN18, XN12, XN09
Solidity, o 0.105
Pre-twist -32°

Nominal rotor RPM

©C>®®

XN28 XN18 XN12 XNO09

- [ TTTITTTIImm
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Fig. 4 Airfoil distributions and aerodynamic panel
modeling [14]
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Fig. 5 CAMRAD II model of TRAM [14]

, 97 FAl(vortex core)

Positive value

Flap bending moment Blade tip bent upward

Lead-lag bending Blade tip bent toward

moment trailing edge

Torsion moment Nose up

Pitch link force Tension

Table 3 TRAM test conditions in helicopter mode

[10-12]
. Corrected shaft
Nominal shaft Rotor thrust,
angle of attack, as
angle of attack, a o Cr/o
(positive aft)
-10° -10.92° 0.08814
-6° —6.94° 0.08792
-2° -2.97° 0.08814
2° 1.04° 0.08792
6° 4.98° 0.08895
10° 9.02° 0.08949
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