1st Asian/Australian Rotorcraft
Forum (ARF 2012)

Busan, Korea
12-15 February 2012

ISBN: 978-1-5108-2102-6



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2012) by American Helicopter Society International
All rights reserved.

Printed by Curran Associates, Inc. (2016)

For permission requests, please contact American Helicopter Society International
at the address below.

American Helicopter Society International
2701 Prosperity Ave, Suite 210
Fairfax, VA 22031

Phone  (703) 684-6777
Fax:  (703) 739-9279

staff@vtol.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

SPECIAL SESSION A-1, ROTOR UAV

The Investigation of the Scaled Helicopter Ground Test using by Helicopter Chassis Dynamometer

Nameun Park, I.T. Kim, J.J. Baek, J.S. Kim

SPECIAL SESSION A-11, DYNAMICS OF BEARINGLESS ROTOR

Dynamic Characteristics Investigation of a Bearingless Main ROTOI ..........ccccoiiiiiiiiiieiciciiese e 5
Chul Yong Yun, Young-Jung Kee, Tae-Joo Kim, Deog-Kwan Kim, Seung-Ho Kim
Modeling and Analysis of Bearingless Rotor Aeroelastic Stability Using Multibody Dynamics...........c.ccoccoeieiiinnne 11

Yu Zhihao, Yang Weidong, Zhang Chenglin

SESSION A-1V, NOISE PREDICTION AND REDUCTION METHODS

L1 =1 o TP TSSO T TSP 16
Yasutada Tanabe, Shigeru Saito, Hideaki Sugawara
An Analytical Study of Aerodynamic and Acoustic Performance of Active Tab by Using rFlow3D ............ccccccovenee. 24

Kenji Muneda, Kobiki Noboru , Yasutada Tanabe , Shigeru Saito, Hideaki Sugawara , Hajime Fujita
Prediction of Wind Turbine Broadband Noise Using Time Marching Freewake Method and Semi-

LT aq] oL L g Tor= U =o [N T: Ui To] o NSRS 33
Yong Woo Lee, Ji Sung Jang, Duck Joo Lee, Seung Un Yang
The Aerodynamic Design Of Passive Noise Reduction Blade By Avoiding Blade Vortex Interference...........c..c........ 40

Nameun Park, C.H. Woo, S.C. Baek, S.J. Yee, J.H. Yang

SESSION B-1I, EXPERIMENT FOR AEROMECHANICAL PHENOMENA

Experimental Investigation and Fundamental Understanding of a Slowed UH-60A Rotor at High
ANAVANCE RATIOS ...ttt ettt bbb oot b e bt b e e H e b e e R e b e e bt e bt 4 E e b e £ e Rt e b e e bt e bt e b e bt nh et es e eb e et e e b e e b et enrebe bt nnen 46
Anubhav Datta, Hyeonsoo Yeo, Thomas R. Norman

SESSION B-I111, FORWARD FLIGHT TRIM AND SIMULATION

Estimating the Hausdorff - Besicovitch Dimension of Boundary of Basin of Attraction in Helicopter

B I OSSP SOTTPPT TP TP PRSP 73
Saipraneeth Gouravaraju, Ranjan Ganguli

Forward Flight Simulation of Composite Rotor Blades with Matrix Cracking under Uncertainties .............c..c.c....... 78
Prashant M. Pawar, Babruvahan P. Ronge

Development of a Full Scale BO-105 Helicopter Trim ANAIYSIS ........ccoviiiiiiiiieie et 85

Haeseong Cho, SangJoon Shin, Junbae Lee, Kwanjung Yee, Deog-Kwan Kim, In-Jeong Cho

SESSION B-1V, OPTIMAL DESIGN IN ROTARY WING VEHICLES

Aerodynamic Design Optimization of Helicopter Rotor Blades Including Airfoil Shape for Forward

L 1T o OO 91
Ngoc Anh Vu, Jae Woo Lee, Sayyidati Mirah Fadillah, Sang Ho Kim

Numerical Optimizations for Aerodynamic Performance of Helicopter Rotor in Hover...........cccococvviiiievcicecee, 101
Wang Bo, Zhao Qi-Jun, Xu Guo-Hua, Wang Jun-Yi

Performance and Stability Analysis of Autorotating Rotor with Wing Configuration.............cccccccveiineniininiencnne. 108

Wang Junchao, Li Jianbo



SESSION B-V, FLIGHT DYNAMICS AND STABILITY

Building the Flight Dynamic Analysis Program, HETLAS, for the Development of Helicopter FBW
)Y L1 TSSOSO PR UR PP PROPPPR 115
Young-Hun Yun, Chang-Joo Kim, Ki-Cheol Shin, Chang-Deok Yang, In-Je Cho

SESSION C-I, CED SIMULATION

Numerical Investigation of Multi-Rotor Aerodynamic Interaction for a UAV Configuration .............ccccoceoeenencne. 123
Min Kyu Jung, Oh Joon Kwon

Influence of Fuselage on Blade-Vortex Interaction Based on JIMRTS Database ..o 129
Hideaki Sugawara, Yasutada Tanabe, Shigeru Saito

An Extension of JANUS Solver for Helicopters to Viscous FIOW Simulations............coccoveiniinienninsescceee 137

Yong-Joo Lee, Michitaro Hashiba, Daisuke Sasaki, Kazuhiro Nakahashi, Yasutada Tanabe, Shigeru Saito

SESSION C-11, AFFORDABILITY

Initial Flight Test Results NH90 NFH Helicopter-Ship Qualification ProCess ..........cccoviiiieieieieicse e 145
Alrik Hoencamp
Research on Disposal of "Low SIow Small™ AITCraft.........cccviiiiiiiiiiicesc e 157

Min Zhou, Zhihui Ge, Hanghang Li, Kexue Yan, Rong Huang, Weigang Wang

SESSION C-111, FLAPPING WING VEHICLES

The Flapping Propulsion Rotor - Single Rotor without Tail ROTOF ............cccviiiiiiiiiice e 160
W. Geissler, B. G. Van Der Wall

Ornicopter: A Bird-like TailleSs HEIICOPTET .......c.oouiiiiiiie bbb e 174
Jia Wan, M.D. Pavel

Aerodynamic Forces of Beetle FIAPPING WING .......oo ittt sttt sttt e b see e 184
Tuyen Quang Le, Soo Hyung Park, Jin Hwan Ko, Hoon Cheol Park, Doyoung Byun

Vortical Structures of Three-dimensional Insects’ Flapping Motion under a Forward Flight..............cccccviennne. 189

Kuen-Bae Lee, Chongam Kim

SESSION C-1V, DESIGN AND DYNAMICS

Recent Research on System lIdentification of Helicopter Flight Dynamics Model In NUAA ... 197
Wei Wu, Renliang Chen

Conceptual Design and Control of Multi-rotor based Personal Aerial Vehicle............ccccooiiiiiciiiiiiencec 204
Young Jun Seo, Dae Woo Lee

Study on Helicopter Modeling and Tuning using Flight Test Result for Handling Quality Simulator ...................... 210

Byung-Ryong Kang, Cheol-Ho Kim, Sang-won Jung

SESSION C-V, VIBRATION AND AIRLOADS

Structural Design and Flap Actuation Mechanism Validation of an Active Trailing-edge Flap Blade...................... 220
Balakumaran Natarajan, WonJong Eun, SangJoon Shin

Fuselage Effect in Multibody Dynamics/CFD Coupled Analysis for a Rotor Correlation in Descending

1o o SRRSO 225
Jae-Sang Park, Jeong-Hwan Sa, Young-Hyun You, Sung Nam Jung, Soo-Hyung Park
Parametric Study of Single and Dual Trailing Edge Flaps for Helicopter Vibration Reduction............cc.cccceevevnnee. 240

Rajnish Mallick, Ranjan Ganguli, M Seetharama Bhat

SESSION D-I, BEAM AND COMPOSITES

Non-Rotating Beams Isospectral to a Given Rotating Uniform Beam ...........ccccoceiiiiiiii i 248
Sandilya Kambampati, Ranjan Ganguli, V. Mani



Impact Event Localizations for Composite Structures in Vibration ENVIronmMent............ccccooeieiiiieneneseieiesc e 256
Byeong-Wook Jang, Chun-Gon Kim, Sung-Chan Kim

Fractal Dimension Method for Delamination Detection in Composite BEAMS ..........ccoviiriiiiiiiinicicesec e 261
S. Keshava Kumar, Ranjan Ganguli, Dineshkumar Harursampath

Dynamic Coupling Characteristics of Tailored Composite BOX BEAMS .........cccceeveiiiciiiiii i 268
Jun-Sik Kim

SESSION D-I1, ICING ANALYSIS

Numerical Prediction of Droplet Impingement Using an Eulerian APproach ...........ccocovviiiiciciecicesececse s 271
J. W. Kim, P Garza Dennis, Lakshmi N. Sankar
Investigation of the Relationship between Ice Accretion Shapes and Ambient Conditions.............ccocvovieniiciicnnenn 278

Chankyu Son, Sejong Oh, Seunghyuk Na, Kwanjung Yee

SESSION D-111, OTHER CFD METHOD FOR ROTORCRAFTS

Implementation of Adaptive Wavelet Method with 5th Order WENO Scheme for Vortex

CONSEIVALION ...ttt bbb R bR b b e bR e e E e b e bRt s et een et nr s 286
Sanghyun Chae, Sejong Oh, Kwanjung Yee

The Validation of OpenFOAM on the External Flow and The Extension of Algorithm for Rotor

Inflow Analysis based on Actuator DiSK IMOGEN .........cc.oouiiiiiiii et 294
Taewoo Kim, Sejong Oh, Kwanjung Yee, Hee Jung Kang

The Viscous Vortex Analytical Method for Tilt-rotor in Helicopter and Airplane modes...........cccoccrvvvvieeniennnenn, 301
Wei Peng, Shi Yongjie, Xu Guohua, Zhao Qijun

A Preliminary Study of Low-Noise Open Rotor Using Harmonic Balance Method ..............ccccovevveieiiiininciiciceinns 306

Hyung-1l Kwon, Seong Im Choi, Ji-Sung Jang, Dong-Kyun Im, Duck Joo Lee, Jang Hyuk Kwon

SESSION D-1V, FLIGHT CONTROLS

Research on the Trim Control of Compound High Speed HeliCOPLEr..........cccoviiiiiiiiciiiicccee e 317
W. H. Kong, R. L. Chen

Investigation of Helicopter Autorotation Landing after One Engine Failure..........cccccooiiiiiiiiiiiiicce 325
Wanli Meng, Renliang Chen

Autonomous Conversion Flight Test 0f SMart UAV ...t saesae 332

Young-shin Kang, Bum-jin Park, Am Cho, Chang-sun Yoo, Sam-Ok Koo

SESSION D-V, HYBRID CED METHODS

BVI Prediction Using CFD-Wake Coupling Method. ............coooiiiiiiiiiiiieie e 337
Joonbae Lee, Sanghyun Chae, Sejong Oh, Kwanjung Yee

Single-blade Based Hybrid CFD Method for Rotor Aerodynamics and Aeroacoustics Prediction.............cccccvcvnee. 342
Shi Yongjie, Zhao Qijun, Xu Guohua

Development of a Coupled 2-D Panel/Euler Solver for Numerical Analysis of Transonic FIow.............cccccoceeiincne. 349

Se Hwan Park, Duck-Joo Lee

SESSION E-I, OVERVIEW OF HELICOPTER RESEARCH ACTIVITIES

Overview of the JAXA Helicopter ReSEArch ACHIVITY ......ccvcviiiiiiecice e 357
Shigeru Saito, Tanabe Yasutada, Noboru Kobiki

A Decision Making Process For A Small General Aviation Helicopter Program ............cccoeieiiinienineneneiencseniene 380
Yildirim Kemal Yillikci, Daniel P. Schrage, Jerry W. Phillips

VTOL Personal Air Vehicle (PAV) Pre-CONCEPT STUAY ......cooiiiiiiiieiiieiese ettt ettt seesne 397
Byung Ho Ahn, Taewoo Nam, Hangil Chae

Aerodynamics-Structural Combined Analysis for an Accurate Helicopter Forward Flight Prediction.................... 403

Hanyeol Ryu, SangJoon Shin, Joonbae Lee, Kwanjung Yee, JinSung Kwak, Deog-Kwan Kim



SESSION E-Il, TOPICS IN KOREAN UTILITY HELICOPTERS (KUH)-I

Correction of Ground Effect for Whirl Tower Test using CFD/Freewake Coupling Method...........cccccooeieiieiinnnn. 408
Ji Sung Jang, Seong Yong Wie, Duck Joo Lee, Jang Hyuk Kwon, Keun Woong Song, Ki Hoon Jeong

SESSION E-111, AEROELASTIC SIMULATION AND STABILITY

Dynamic Responses of Tiltrotor Aircraft in Conversion FIIgNt...........cocoiiii e 415
Pingi Xia, Hailong Yue
Interface Features of Flight Dynamic Analysis Program, HETLAS for the Development of Helicopter

FBWV SYSTEIMN.....eiiiie ittt sttt b et skttt b et b e s bt e s e s bt e s e e bt e R b e A bt e b £ ek e 4R b e bt e E e oAbt e Rt e eb e oAb e Rt e b e e R e e R e e bt e Re e b e e b et enen 420
Chang Deok Yang, Chang-Joo Kim, Ki-Cheol Shin, Young-Hun Yun, Seung-Deok Lee, In-Je Cho
Investigation Of Rotor Unsteady Airloads Based On Comprehensive Aeroelastic Formulation..............ccccoveennene. 426

Song Shao, Qing-Hua Zhu, Yu-Xin Huang, Wei Sun, Cheng-lin Zhang
Aeroelastic Analysis of Rotor/Fuselage/Landing Gears Coupled System of Helicopter during Rotor

SEArting ProCESS ON GIOUNG........c.eitiiiiieieieiiei etttk b bbbt e a e e b e bt e bt sb b e e e b e bt eb e ekt et e e b b et e e st et e 431
Ling-hua Dong, Peng Hou, Wei-dong Yang
Aeroelastic Stability of Tiltrotor Aircraft in Forward FHGht...........ccoooi e 436

Pingi Xia, Chaomin Yang

SESSION E-1V, UAV

Simplified Hierarchical Control Strategy of Various Flight Modes for Low-Cost Unmanned

[ [ Lol 0] £=] g}V T 1o OSSO 441
Jun-Beom Song, Young-Seop Byun, Woo-Jin Song, Jeong Kim, Beom-Soo Kang

Development of a Small Scale Tilt-duct VTOL AIr VENICIE.......cooiiiiiiieice e 449
Seong Wook Choi

Modified Static Analysis of a SMall DUCIEA-FaN UAV .........coiiiiiiiicices ettt 456

Y.H. Choi, Jinyoung Suk

SESSION E-V, TOPICS IN KOREAN UTILITY HELICOPTERS (KUH) - 11

Fatigue Life Evaluation and Management of SURION Dynamic COMPONENTS .........ccocvviiviiiierieieieseniesesieseeseesvesnes 463
Boo-II Jeon, Seong-Man Kim, Seok-June Yee, Jong-Ho Choi
A Sensitivity Study of Main Rotor Blade Dynamic Balancing Test for KUH on the Whirl Tower ...........ccccoceoeenee 468

Deog-Kwan Kim, Chulyong Yun, Seung-Bum Kim, Keun-Woong Song, Seungho Kim

POSTER SESSION

A Model-free Adaptive Controller for an Unmanned Tilt-Rotor Aircraft ... 475
Qingyuan Xia, Jinfa Xu, Liang Zhang
Identification of Critical In-Flight Icing Conditions on Helicopter Air Intakes Using CFD Simulations.................. 482

G. B. Ahn, K. Y. Jung, R. S. Myong, T. H. Cho, S. K. Jung, H. B. Shin
Design and Implementation of Power System and Tilting Mechanism for an Unmanned Tilt-Rotor

YN L Ui OSSPSR 486
Liang Zhang, Jinfa Xu, Qingyuan Xia

Development of the Coaxial Rotorcraft Unmanned Aerial VEhiCle..........c.cccoiiiiiiiiciiii e 491
Young-Seop Byun, Jun-Beom Song, Woo-Jin Song, Beom-Soo Kang

CFD Simulation and Experimental Study of Ducted Fan UAV in Hover and Forward Flight..............c.coccoeininn. 495
Ji Sung Jang, Duck Joo Lee, Seong Yong Wie

An Analysis of Rotor Aerodynamics using the Eulerian-Lagrangian Coupling Method ..o 501
Seong Yong Wie, Duck Joo Lee, Jang Hyuk Kwon, Changjeon Hwang

An Analysis Model Development for the Wood Impact Simulation of A Composite Rotor Blade .............cccccoeuenee. 506
Seung-Kil Paek, Jung-Ho Han

Configuration Management System for Rotorcraft Multi-Component Development ..........ccccooevvvviieienevicceecsenens 512
Sung-Chan Kim, Hwakbum Kim, Hyun-Gi Kim

Multibody Dynamic Analysis of Rotorcraft Variable Speed PropulSion SYStem ...........ccccoeiiiiiiiniienincieseseeen 518

Jun-Sik Kim, Kon-Well Wang, Edward C. Smith



Numerical Simulation of Rotor-Body Interaction with a New Momentum Source Method ...........c.ccocviiiiinince.

Young-Hwa Kim, Seung-O Park

A Proposal to Increase Pilot Psychological Stability using Maum Meditation
Mi-Han Kim, Jin-Woo Yoo, Na-Min Shin, In-Soo Lee

Author Index





