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ABSTRACT

After we designed Bearingless rotor hub system for 7,000lb class helicopter, flexbeam
fatigue analysis was conducted for validation of requirement life time 8,000 hours. sectional
structural analysis method applying elastic beam model was used. Fatigue analysis for two
sections of flexbeam which were expected to weak to fatigue damage from result of static
analysis was conducted. Extension, bending and torsion stiffness of flexbeam section shape
was calculated using VABS for structure analysis. S-N curve of two composite material
which composed flexbeam was generated using wohler equation. Load analysis of
bearingless rotor system was conducted using CAMRAD II and load analysis result was
applied HELIX/FELIX standard load spectrum to generate bearingless rotor system load
spectrum which was used flexbeam fatigue safe life analysis.
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Fig. 1.

Bearingless Rotor Hub System
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Fig. 2. Fatigue Analysis Section of Flexbeam
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Table 1. Flexbeam Section Analysis Result

Analysis 260mm 700mm

Section

EAN) 8.20E+07 8.18E+07
ELN-mm?) | 1.37E+10 4.40E+09
ELIN-mm?) |  4.99E+11 6.87E+10
GJ(IN-mm?) 1.95E+09 3.22E+08
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where A : Material Constant (Glass = 1.9)
049 : Mean Fatigue Limit
N : Number of Cycle

o : Material Constant (Glass = 0.1)
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Fig. 6. UD Glass S-N Curve
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Table 2. Bearingless Rotor Design Value

Design Variable Value
Rotor Radius(m) 5.74
Number of Blades 4
Blade Chord(m) 0.36
Solidity(o) 0.08
Airfoil Shape NACA 23012
Blade Twist(deg) -12
Rotor Speed(RPM) 349
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Fig. 7. Bearingless Rotor CAMRAD Il Model
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Table 3. Maneuver Type for Load Spectrum

No.| Maneuver Type No.| Maneuver Type
1 | Take-off 12 | Sideway flight port
. Sideway flight
2 | FWD flight 0.2Vne 13 starboard
3 | FWD flight 0.4Vne 14 | Rearwards
4 | FWD flight 0.6Vne 15 | Spot turns
5 | FWD flight 0.8Vne 16 | Auto-rotation
FWD flight 0.9~1.1 AR large
6 17 ;
Ve amplitude
7 Max. power climb 18 Recoveries from
70knot AR
8 | Transition to hover 19 Control Reversals
0.4 Ve
Control Reversals
9 | Hover 20 0.7 Vie
Cruise turns
10 04~08 Ve 21 | Descent
Cruise turns )
1 68-1.0 Vie 22 | Landing
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where D = Total damage

D, = Elementary damage in each load
n; = Number of cycle in each load
N; = Failure cycle in each load
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Table 4. Flexbeam Section Fatigue
Analysis Result

Flexbeam Total Fatigue
Section Damage(D) | Life (Hrs)
260mm

(Glass Fabric) 0.22495 35,563
700mm

(UD Glass) 0.31 25,803
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