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Introduction

× Rotor blade with a trailing-edge flap

ü Rotor vibration and noise control by active flap blades

Á Active rotor ïnumerous studies have been done*, and recently by DLR, JAXA, NUAA, SNU, é 

- Mechanism structural design, fluid dynamics, control, and wind-tunnel test

V Underlying structural dynamics and aerodynamic features yet to be extracted

ɻ SMART rotor whirl stand testɻ Trailing-edge flap blade concept

Flap

Actuator

ɻ Sikorsky wind tunnel test

*Friedmann, P. P., ñOn-Blade Control of Rotor Vibration, Noise, and Performance: Just Around the Corner? The 33rd Alexander 

Nikolsky Honorary Lecture,ò American Helicopter Society 69th Annual Forum, Phoenix, AZ, May 2013. 
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Introduction

× SNUF (SNU Flap-blade) research objectives 

ü Baseline multi-disciplinary investigation

Flap driving mechanism

Multi-body comprehensive rotor aeromechanics Active rotor controls

Actuator 

hatch 

support

Flap hinge support

Glass 

roving

Composite blade structures

Sandwich 

spar

ActuatorGuidePush 

rod

Hinge 

mount
Actuator 

rod

Flap
Flap angle 

sensor
Cross-section optimization

Mid-fidelity aeromechanics analysis with full flap rotor Closed-loop vibratory load control
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Introduction

× Hover test overview 

ü Active flap blade aeromechanics, composite blade integrity correlation

ü Low-latency harmonic signal processing for higher harmonic control

ü Time-periodic and multi-blade nature w/ different collective

ü Hub load dynamics w/ different flap actuation mode 

Aeromechanics

Harmonic signal processing

Composite blade analysis correlation Time-periodic hub load 

N/rev
2N/rev
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Test Preparation

× Hover test stand fabrication

ɻ SNURTS components ɻ SNURTS control room ɻ SNURTS installed

ü Seoul National University Rotor Test System (SNURTS)

Á Siheung Campus test center: 9X12 m, 240 kW electric power capacity

Á Collaboration w/ Chungnam National University: design/fabrication of the test stand

Á 55kW AC motor direct drive, max. 2,000 RPM

Á 6-axis balance: max. 2,000kgf thrust, 160kgf-m torque
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× Test stand fundamental mode identification

Concentrated 

motor mass
1st bending

4.8 Hz

ɻ 3D FEM modal analysis correlation

2nd bending

15 Hz

1st torsion

22 Hz

ɻ Impact test result

ü Impact test and correlation 

Á Test stand structural analysis by ANSYS

- Contact normal stiffness adjusted to match test results

Á Major resonant speed identified: 300, 900RPM

Á ISO-1940: satisfactory vibration level @ 1,100~1,300 RPM

Test Preparation

ɻ Test stand vibration level at 1,120 RPM

2nd bending 

excited

warning

emergency
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× Test stand fundamental mode identification

Stiffener

ɻ Isolated bearing tower mode ɻ Stiffener parametric examination

ü Mode control by the stiffener

Á Bending and torsion modes of the stand may be adjusted

Á Bearing tower is structurally isolated with the test stand

Á k/rev : 1300, 2600, 3900, 5200 é RPM avoided

Test Preparation
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10ɻ Stress recovery ɻ Strain recovery

ɻ SNURTS rigid hub
ɻ VABS cross sectional modeling

ɻ Grip M6-bolt reinforcement
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ü Blade and grip structural integrity evaluation

Á Hingeless hub: grip structural analysis

Á Rotor load from analysis: 39kN Ÿ applied load factor 1.5: 58kN centrifugal load

Á Safety margin > 2

Test Preparation

× Rigid 4-blade SNUF rotor hub


