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Comparisons of natural frequencies of XH-59A

Table 1
blades (rotor speed 345rpm)

Blade mode  Calculated value  Literature values Error
1" lag 1.3666 1.33 2.75%
1* flap 1.5681 1.49 5.24%
2™ flap 4.3694 4.19 4.28%
2 Jag 5.9245 5.81 1.97%
3 flap 8.8760 9.01 -1.49%
1" torsion 10.8625 11.30 -3.87%
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Fig.3 Comparisons of flapping moment loads on XH-59A blade profile
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Table 2 Main rotor parameters guotd

Parameter Value
Number of blade 4
Rotor radius 5.8m
Rotor tip speed 190 m/s
Hub precone angle 3°
Installation spacing of upper and OIR

Lower rotors
Upper rotor rotation direction Looking down counterclockwise

Lower rotor rotation direction Looking down clockwise
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Fig.7 Variation of tip clearance with lift offset
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Table 3 Azimuth angle location of possible collision corresponding to different crossover angles

Crossover angel (deg)

Azimuth angle of overlapping upper and lower rotor blades (deg)

0 45 90 135
15 60 105 150
30 75 120 165
45 90 135 180

180 225 270 315 0
195 240 285 330 15
210 255 300 345 30
225 270 315 360 45

®4 FNRELOS=021ERTH L TRERRMLE
Table 4  Upper and lower rotor tip position with lift offset LOS=0.2

Azimuth 225 240 255 270 285 315 330
Upper rotor tip position 0.134292 0.129717 0.126555 0.125088 0.125442 0.131111 0.135906
Lower rotor tip position 0.069762 0.073151 0.074887 0.074874 0.073181 0.065495 0.060053
Rotor tip clearance 6.45% 5.66% 5.17% 5.02% 5.23% 6.56% 7.59%

RS ANBELOS=03BRATHLTHRERRAMAE

Table 5 Upper and lower rotor tip position with lift offset LOS=0.3

Azimuth 225 240 255 270 285 315 330
Upper rotor tip position 0.121139 0.112387 0.1072 0.106198 0.109276 0.124154 0.133496
Lower rotor tip position 0.085246 0.088289 0.08831 0.085841 0.081608 0.070584 0.064488
Rotor tip clearance 3.59% 2.41% 1.89% 2.04% 2.77% 5.36% 6.90%
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Table 6  Effect of advance control angle on the result of trimmed control

Advance control angle 0, A, B, B/’ cos_upper sin_ upper
deg deg deg deg deg deg deg
0 4.670 -2.330 -0.060 1.390 2.3300 -1.3300
15 4.670 -2.620 -0.050 0.740 2.3523 -1.3443
30 4.660 -2.700 0.010 0.040 2.3136 -1.3927
45 4.680 -2.640 -0.060 -0.650 2.3694 -1.3638
60 4.676 -2.380 -0.067 -1.300 2.3740 -1.3761
75 4.675 -1.958 -0.087 -1.905 2.4321 -1.3736
90 4.675 -1.404 -0.136 -2.320 2.4578 -1.4023
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Fig.12  Cyclic pitch angle of upper rotor with different Figure 14 Harmonic amplitude of tip displacement based on free
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MODELING AND PARAMETRIC STUDY OF TIP CLEARANCE
OF COAXIAL RIGID ROTOR *

Zhou Yun' Hu Heping Meng Wei
(Science and Technology on Rotorcrafi Aeromechanics Laboratory , China Helicopter Research and Development Institute ,

Jingdezhen 333001, China)

Abstract Tip clearance of a coaxial rigid rotor is a key index related to helicopter safety. In this paper, an aeroelastic
model for the coaxial rigid rotor was established, and the influences of various parameters on the tip clearance were car-
ried out, including lateral lift offset, advance ratio, rotor crossover angle, control phase and high order harmonic aerody-
namic loads. The results showed that the tip clearance decreases linearly with an increase in lift offset, and the larger the
tension of the rotor is, the greater the decline rate of the tip clearance is. Moreover, the tip clearance does not decrease
with the increasing flight speed, and the control phase and high order harmonic aerodynamic loads have little influence
on tip clearance, but the rotor crossover angle has a certain effect on the tip clearance. Therefore, the lift offset is the
most import parameter affecting the tip clearance, which indicates that the rotor tip clearance is mainly controlled by the

flapping bending moment at blade root.
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