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Abstract: It is possible to study the load characteristics of full-scale hingeless rotor with the changing of physical small-
scaled configurations such as rectangular and paddle blades, and metal and composite hubs. In this study, a static test, and a
ground and wind-tunnel test were carried out using small-scale rotor models. The static test was carried out to confirm
structural stiffness, characteristics of inertia, natural frequency, and damping ratio of rotors, and the ground and wind-tunnel
test was carried out to confirm the stability and aerodynamic characteristics under hovering and forward flight conditions.
According to the test results, the vertical load in the case of a combination of a small composite hub with paddle blades was
higher than that in the case of a metal hub with paddle blades at same condition. Further, it was confirmed that the restraint of
the combination of composite hub can be more flexible than the metal hub for the motion of paddle blades.
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Table 1 Independent Variables for the motion of

helicopter rotor ©
Dimensions
Variables Symbol Units
M L T
Angular Velocity Q 1/sec -1
Density of fluid p Ib/ft3 1 -3
Viscosity of fluid n lb/ft_sec 1 -1 -1
Fluid Velocity A% ft/sec 1 -1
Velocity of sound a ft/sec 1 -1
Characteristic : ft |
length
Mean structural 3
density ° Ib/ft ! -3
Mean modulus of 2
elasticity E Ib/ft_sec 1 -1 -2
Acceleration due 2
to gravity & ft/sec ! 2
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Table 2 Scaling factors for parameters

Parameters Scaling
Mach | Froude
Linear Dimension k k
Mass or Weight K’ K’
Time k k'
Frequency k! |
Linear Velocity 1 k'
Linear Acceleration k! 1
Angular Velocity k! k'?
Angular Acceleration k? k!
Stiffness Kk K
Linear Spring Rate k K
Mass Moment of Inertia K’ K’
Force IS K’
Moment and Torque K’ Kk
Power IS k">
Disk Loading(D.L.) 1 k
Mach No. 1 k'?
Froude No. k! 1

Small scaled Model = Full scaled Helicopter /k" , k > 1.0
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U Froude-scaled Rotor Test
sage
Table 3 Size of scaled rotor blades™ ¢ (Available for partially Mach-Scaled Test)

Helicopter Rotor Radius Chord Mass Rotational Maximum 2,100 rpm

Scale Geometrics (m) (m) (kg) Speed
F?E;;c;)le Rectangular 6.40 0.40 9.25 Drive System 20hp(x2) AC Variable Frequency motor

Rectangular 1.066 0.0658 0.22 Rotor Di ter 2m. 4 bl
Small-scale Paddle 1.066 0.0658 024 Rotor System otor Diameter 2m, 4 blades
Fully articulated / Hingeless Rotor
. 1,5 Conditions : Hovering and Forward Flight
Table 4 Scaling Result (N.F.) of Rotor Blades"” Items :

Scaling Factor 1 1k kr-1/2 Rectan.  Paddle Test Condition - Aero-elastic Stability Test

Rotating Full- Mach . Smallscal & Items - Aeromechanical Stability Test

Natural scale ach- roude- mafl-scale (Ground and Air Resonance Test)

scale scale Design . L.
Frequency Lynx - Aerodynamic Characteristics Test
(Hz) A B C D ¥

RPM* 323.55 19413 792.53 780 780

1st Lag 3.42 20.52 8.38 9.76 9.21

1st Flap 6.05 36.3 14.82 16.71 15.8

2nd Flap 14.74 88.44 36.11 43.8 44.41

Torsion 32.63 195.78 79.93 146.26 156.7

Fig. 1 Scaled Metal(1) and Comp051te(2) Hubs, Rectangular(3)
and Paddle(4) Type Blades® Fig. 3 GSRTS in Sub-sonic Wind Tunnel of KARI
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Table 6 Test result (N.F.) of scaled rotor blades®

Scalin, Rectangular Paddle
F actof Rec. Pad. Test Rfsult Test Result
l;(::lut :1;;,; Sm?ll:;:tc ale Design  Froude Design  Froude
/Test /Test /Test /Test
Freq. (Hz)
(Hz) E G D/E C/E F/G C/IG
RPM 780 780 1.00 1.02 1.00 1.02
1st Lag 9.24 8.82 1.06 0.91 1.04 0.95
I1stFlap | 13.41 13.36 1.25 1.11 1.18 1.11
Torsion | 104.0 80.4 1.41 0.77 1.95 0.99

Table 7 Design & test result (stiffness) of blades®

Design & Test Result Scaling factor k(=6)
(Average Value Chord-wise Flap-wise
as Blade Sectional Stiffness) Stiffness(Elzz) Stiffness(EIxx)
Design
Rectan (kN-m) A 0.1970 0.0557
-gular Test
Blade (kN-m?) B 0.2703 0.0169
A/B 0.7288 3.2974
Design
2 C 0.1125 0.0215
Paddle (ki:;‘)
Blade (kN-m) D 0.2145 0.0177
C/D 0.5246 1.2130
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Hub Loads with Collective pitch angles (Hover
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CQ/o, Rectangular and Paddle with Composite Hub)
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