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Modeling of a Rotor System Incorporating Active Tab

and Analysis of BVI Noise Reduction Characteristics
Do-Hyung Kim*, Hee Jung Kang, Seong-Yong Wie and Seung-Ho Kim

Korea Aerospace Research Institute

ABSTRACT

Active tab is one of the promising technology for the BVI (blade-vortex interaction)
noise reduction, and analysis of noise reduction performance is very important phase of
the technology development. For the purpose of analysing the performance of noise
reduction using active tab, CAMRAD II model for a model-scale rotor system was
constructed utilizing structural design result and airfoil aerodynamic data generated by
CFD (computational fluid dynamics) calculation. HHC strategy was applied to descent
flight condition and air-load was calculated by CAMRAD II then variations of BVI noise
was calculated by in-house program. Calculation result with respect to tab length and
control phase changes showed BVI noise could be reduced by -3.3dB.
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856 A=Y -3 - AR - Hes A2 R
Hz 7oA o] Fo]RTH1]. 2001 ICAO«] A< B A4, CAMRAD II[4]E o] &3 =¥ =dg
AT 71E2 1991 thul Fstdul dem2, & % AFFF (free wake)s X3 T HIF 3
e APFEHEL A ICAO 011 ZlERt A, 3P (acoustic analogy)oll 9§ A5-3
w2 A &5 3718 BAFaA Qo] FF S A WS AEsit
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HdZAANA HdEeHe L5 FE77F dH
P B3 Fr|dstr B34S ugdsa 9o dste FE7lel 2HE Fisto A
W, F2E, mfZE, A 59 oy 712 29 ABF T | Ae78 ZFH s TES] FR
N WAFHE 289 7], IS, WeEge v 3H7] oyt £ dAFdAe 5F 2k 71 9]
Hz7d wet Azt g2 Wi EAS BoE T8 et AV FA2EH IHAE FA
t}. o3t A FE & 1 sk 4 dzreg AeS aysty ®REE 15mé Y ZEAIAE
ATE B3 714 223 28 A =9 Yy S AASAT. T8 ALY Table 13 2t}
BVI (blade vortex 1nteract10r1) dol detEHAY. 00 =E &
BVI #/& H#ol= ool WAH {7} N 1n _
Ao Beolmsh gyskE @goz Fz TE UE JAXAdM AmERH dvel o
ol [)
AR (descent flight) Z=zdolA =i (loud), s = ]; A, ;X}J F5AEH 1-bladed 7 Xﬂ
THF o)™ (impulsive), 23 WIFAHS A= Egﬂ?]EE olgst 7|=ARS Stk b At
BEE WA 2 e dger dus D) S TSI S dAesel e
&9 A 7}x1§ J}OLQOA\:H] Asgsta ac ]AXAOHHL :150} ;qsggﬂ =
s ¥ #AE7] REe @9y, d=dEeFA
1) Edel=olA TAHE b7 = B A7 o B = 2 5
- o beo e 1 ae WA ZHel=E deste] A A=H
o a];] e EE R AW SR WY g age 3 9L B Sgua 20
o
7 Ao FE5F W3 2 BVI &5 A 54 1
2) B ol=-9}F oA (miss distance) (& e °= =
B o= SxEe) d3el A A ) Table 1. Rotor parameters
3) EH Yxa HuAde] it S#eol=9
7t 37 (configuration) (ZEH 3 Hd&=9} No. of blades 2
ANE T uie} deby) Hub type teetering
oo Rotating direction CCW
BVI &5 Ads fiste ofd ¥4 Hgs § Rotating speed 1,300 rpm
 odd oF AEE  stA|7]AY, HHC Radius 1,500 mm
(higher harmonic control), $% Z& (trailing Chord length 120 mm
edge flap), & HIEH (active twist), & Airfoil NACAQ015
(active tab) 59 SEAC] 7ML o] gt & Twist 8 degree
dol=st7 olAAE Wa/lE WS A8 oot autou 017R
& 4 glth. ®3 Blue Edge™[3]9} %ol Ealo] _
o] S HAGFo =N it IHAdol 9% Rotor Blade Ao Tab
LES BAAA BVI &5 AR BRE dS F
T Stk oyt 37 & AEe HAHIE Active Tab
sl 54 AGoem AEHe Lg5S BHde
HRE Hed F U
E‘ Od:rloﬂ}ﬂl‘z_ '6‘% Zﬂo-] 7]]:)}3 % —C_"]"’]'c\)_]. "(_5: driven back and forth
£ 9 (active tab) S B ZEAN2PO] o3l
o §& HHC WHo=E ZAsd w TAH= .
BVI £¢ W8t 54¢ n@sud gk olg 9 S
3t o|xQ ZH g9 Fig. 1. Schematic view of active tab [5]
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Fig. 2. Tab location

Table 2. Inertial properties of driving module

Mass 360 g
MOI 1.71 x 107 kg-m?
c.g. location 0.84R / 0.3749c¢
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Fig. 3. Blade structural design procedure
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Table 3. Section design locations

section 1 0.17R
section 2 0.30R™0.77R / 0.88R™1.0R
section 3 0.77R~0.88R

W& wire hole "0am Core (man
/ SNac.

eyl
3

@D nose skin : [0/90] carbon fabric 2-plies
@ skin : [0/90] carbon fabric 3-plies
@ balance weight : tungsten rod 6 mm diameter
@ spar : [0/90] carbon fabric 8-plies
® TE stiffener : [0] UD carbon

® LE stiffener  : [0] UD carbon

Fig. 4. Typical section view (section 2)
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Table 4. 4-variable trim
Z
Target Zero moments or flapping Hub center
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Fz, Fx Mx = My =0
Fz, Fx Bic=Bis =0
Fz, Fx Bic = =615, B1s = 0

Table 5. 3-variable trim
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Table 6. Shaft angle sweep conditions

flight shaft trim target
path angle | tilt angle

(deg) (deg) CH/o CT/o

5 31 | 4.38396E-04 |7.99306E-02
6 4.1 4.38396E-04 | 7.98916E-02
7 5.1 4.38396E-04 | 7.98526E-02
8 6.1 4.38396E-04 | 7.98137E-02
9 71 4.38396E-04 | 7.97749E-02
10 8.1 4.38396E-04 | 7.97361E-02
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W=1473N ¢l z7@do=g AA |
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