St 275388 20039 FA e s=FF, pp 310~315

BEAR 7179 BdolSE ARY F4 AAYE
HuAsde AFERT 25T oS

The Vibration Characteristic and Fatigue Life Estimation of
a Small-scaled Hingeless Hub System with Composite Rectangular Blades
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ABSTRACT

This paper described that rotating test and fatigue test of a small-scale hingeless hub system with composite rectangular
blades. Generally Rotating stability and fatigue test technique is one of Key-technology on test and evaluation for helicopter
rotor system. Rotating test of hingeless rotor system was achieved by means of rotor vibration characteristic and
aeroelastic stability test. GSRTS, equipped with hydraulic actuator and 6-component rotating balance was used to test
hingeless rotor system, especially for an observation of blade motion including flapping, lagging and feathering. Rotating
test was done in hover and forward flight condition. Small-scaled blade fatigue test condition was determined by blade load
analysis with the reference table of composite materials(S-N curve). Fatigue test bench was developed for the estimation of
blade fatigue life, and tested its characteristic.
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Fig.1 Simple Blade Model
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Fig.4 Small-scaled Hingeless Hub System

Fig.5 Composite Rectangular Blade

Table 1 Blade Properties

2171 9

mass
center of gravity 34.16%(22.08 mm)
Elastic axis 31.03%(20.06 mm)
flap frequency 6.7251 Hz

lag frequency 268776 Hz

Flap bending stifiness 1692 Nm?

Chord bending stiffness 270.33 Nm?
Torsion rigidity (GJ) 2214 Nni
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Table 2 Blade Non-rotating Natural Frequency
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Table 3 Blade Rotating Natural Frequency
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702 123491 8635/ 10532 Fig.10 Lag Damping Ratio in Forward Flight
780 134113 9.2376 104.03

(Advanced Ratio=0.1)

-313-



| R T
' Aeroelastic Stability Result in Forward Flight
! (Mu=0.25) (100% RPM)
5.00
—.nausEI
test
4.00

.. 3

2
g
1€ 200 -
E
| &
-] -
i 100 u —
\ r/.—
N 0.00
' 1.00
' -2 o 2 4 L] 1)
l Colleciive Pitch Angle {deg)

Fig.11 Lag Damping Ratio in Forward Flight
(Advanced Ratio=0.25)
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Table 4 Loadmg System Requlrement

dynamlc force(Fv)

static force(Fh) 1470 kgf
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Table 5 Hydraulic Actuator Properties

oo B (ash £A
Dynamic Force (kgf) 1,000
Static Force (kgf) 1,500
£ 49 (kgf/ed) 300
hydrostatic 113 (kgf/cd) 20
A 3¢ 2= £% (m/sec) 6
phase lag THF(-90%) (Hz) 30
¥ stroke (mm) + 30

Fig.13 Fatigue Test Bench of Small-scaled Blade
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Fig.14 Analytlc Result of Flap Bendmg Moment and
Centrifugal Force Distribution
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Fig.15 Test Result of Flap Bending Momen{ Distribution
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