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An Experimental Investigation of the Aeroelastic Stability
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ABSTRACT

This paper describes the aeroelastic stability test of the small-scaled “Next—generation
Blade(NRSB)” with NRSH (next—generation hub system) and HCTH hingeless hub system in
hover and forward flight conditions. Excitation tests of rotor system installed in GSRTS{general
small~scale rotor test system) at KARI(Korea Aerospace Research Institute) were carried out to
get lead—lag damping ratio of blades with flexures as hub flexure. MBA{moving block analysis)
technique was used for the estimation of lead—lag damping ratio. First, NRSB—1F blades with
HCTH hub system, then NRSB—1F with NRSH hub system were tested. Second, NRSB—2F blades
with NRSH hub system were tested. Tests were done on the ground and in the wind tunnel
according to the test conditions of hover and forward flight, respectively. Non—rotating natural
frequencies, non—rotating damping ratios and rotating natural frequencies were showed similar
level for each cases. Estimated damping ratios of NRSB—1F, NRSB—2F with HCTH and NRSH
were above 0.5 %, and damping ratio increased by collective pitch angle increasement. Furthermore
damping ratios of NRSB—2F were higher than damping ratios of NRSB—1F in high pitch angle. It
was confirmed that the blade design for noise reduction would give observable improvement in
aeroelastic stability compared to paddle blade and NRSB~1F design.
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Table 1 NRSB—1F/2F properties

Properties NRSB-1F NRSB-2F
Mass 2202¢g 255¢g
Center of gravity | 08y | (160 mm)
Blastic axis | ({35 ey | (183
Ffll?gqgg;”cfya‘ 5.45 Hz 6.86 Hz
e natural 21.64Hz | 28.26Hz
Flap bending | 12,55 Nm? | 19.84 N’
Chord bending | 19277 Nm® | 336.6 N’
Torsion Hgidity | 23,01 Nm? | 28.9 Nm?
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Table 2 NRSH flexure properties
Properties Flexure
Mass 39.3g
Berfidmg natural 96.45 Hz
requency
Bending Stiffness 7.12 Nm®

Fig. 5 Metal hingeless hub system (HCTH)

=8/A 16 ¥ A 8 3, 2006\



3.

2 2E oYY

H

3.1 Alg 7Y
ey 28 A29Y FEVYRA Y A

& 31 Al o] dis] 28 AlAES HHEE
gk Aoty 2EAAHE Bt %
B wet e etk vlEY ESe AddE
o7 F& 1FAFTY A& AF0E FF}7] 9
ol B F= o] At EJPYEEE VrevH
FAE B0z 3 EAsHAT s FAFAH
wu W3E g, w719 g% 7247 ack
ey, eI BEE 7 BEol=e wgiA
T5E AN o= A B FA F4 ws)
T SHe EAE AFS o|dt olH¥ <
As 2AEL B3] soft~in—plane 2E ZA$ AA
TR ZE AA4E £ s 2ANE A
node poinl node point wode poist
e .
R T S SRS E—-
! 5 27 Otm N P
A =
(a) Flap (b) Torsion (c) Lead-lag

Fig. 6 Straingauge positions

Fig. 7 Straingauge instrumentations

2 KB e AW 3

= progressing
7 regressing =2 ITFAFFoIH, 13 AR
2 gMdolHE 7IFEoz AR, ol A
IFIFFENEH GA 23 718 S :

A% FAHL ANgzAA d= wx 7y FHe
2 GSRTSE 3#AZ £, 7pdshy) ARY 7ps

ojf Eglo|=s} flexureo] Fa® AE#HQA]A
ZHY 24" AFE 3B Ady o
2% Mgz FEHY, FFE A3e IHEFS F
3 ddd 80 HAY &£HIOoE HLH vIHA
Z d4ddr) o] A/D WHEHE dio|glr} dleoly
Y5(DAQ HFE AR, edeAzT W
UElY 2425 St 3 NS E FEsi

o] H4& 8HF9 YBMAZ U AzLEH u}
2} ¥ st A AsE5EH MBA(moving
block analysis) ZZ2I1%S o]&3te] THAFTY
g AzEdtt EHo)Est flexured] %8
A stz g8 Hask AEHAIAE 2HE =
17] 98l 25 FH3A (full-bridge) 2 T3
o} R2AYAE Eo2RE 60mm YAl Fig. 6
3 Zo] Aglen, ¥ A= Fig 73 @t 2
& Ad 4+ Table 3o FEsirh

O

3.2 Hio|gf Xz| 7|H
Autd o7 ZHu|E AAlsh= dhioz AF AF
9] Azt o]¥E FAF o3 Z 1A (logarithmic

Table 3 Number of straingauge channels

Channels Flap Torsion | Lead—lag
Blade 4 2 2
Hub flexure 2 - 2
Amp. gain 250 500 500
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Table 4 Rotating test conditions

- Hover Forward flight
Test condition =0 | 4=01 [ ;=025
Rotating speed
(780 rpm) 20, 40, 60, 80, 100 % rpm
Collective pitch angle -2,0 2,46
(deg) 8 7.2 7.9
Fuselage tilt angle 0 0.84 401
(deg) : ‘
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Table 5 Non—rotating test results

Flap Lead—lag Torsion
Blade | Natural {Damping| Natural | Damping| Natural
Freq ratio Freq | ratio Freq
(Hz) (%) (Hz) (%) (Hz)
1F |3.7641| 1.994 |5.0232} 2.0265 | 86.314
2F | 3.738 | 2.0402 | 4.6449| 2.0235 | 88.861
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Table 6 Rotating natural frequency
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