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Viscoelastic Damping Treatment Analysis and Aeroelasticity for
Vibration Reductions of a Hingeless Composite Helicopter Rotor

System
Ho-Yon Hwang”

ABSTRACT

In this research, vibration reduction and aeroelastic stability of a composite hingeless
rotor hub flexure with viscoelastic constrained layer damping treatment(CLDT) were
investigated. The composite flexures with viscoelastic CLDT were applied to hingeless
rotor system to improve the in-plane stability of the lead-lag motion causing resonance.
The modal test was performed and dynamic properties(natural frequency and loss factor)
were acquired. Also, complex eigenvalue analysis(SOL107) in the NASTRAN structural
analysis module was performed and compared with results of the modal test. To insure
aeroelastic stability, damping ratio analyses of the hingeless rotor system with CLDT were
accomplished at hovering condition due to collective pitch angle changes. Satisfactory

results of increasing structural damping and stability were obtained.
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Table 1. Material properties and geometry
of a sandwich beam

g4= |E=690GPa, v=03, n=0
(Al) | p=2800kg/m® thickness= 1.524 mm
%ﬁﬁg E=21MPa, v=0499, n=0.1
468) | p=970kg/m® thickness= 0.127 mm
gz |E=690GPa, v=03, n=0

p= 2800kg/m® thickness= 1.524 mm

Table 2. Natural frequencies and loss
factors for different modes

Reference NASTRAN
Siﬁgggrr;ier CEM(MODAL)
(M) n | fHz) 7
n =01
1 mode | 64.08 02815 64.29 0.2812
2 mode | 2964  0.2424 298.1 0.2419
3 mode | 7437 0.1540 752.3 0.1531
4 mode | 1394  0.0889 1423 0.0872
5 mode | 2261  0.0573 2338 0.0562
n =03
1 mode | 64.43 02723 64.29 0.281
2 mode | 297.0 0.2399 298.1 0.242
3 mode | 7441  0.1538 752.3 0.153
4 mode | 1394  0.0888 1423 0.087
5 mode | 2261  0.0572 2338 0.0562
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(laminate) e T4 Bk H2 FYM9 93

Fig. 3. Finite element modeling of a
flexure
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Fig. 4. Flexures with CLDT (out of plane,
in—plane) 25%, 100% side layer
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Table 3. Properties of Isotropic Material

Material E(Mpa) v G(Mpa) p(kg/mm?)
3M’ ISD112
(Loss Factor 176 049 0.59 9.8e-7
= (.87)
Al 1050 69,000 0.33 45,885 2.705e-6
Hard Foam
(AIREX 54 044 23 8.0e-8
R82.80)

Table 4. Properties of composite material

Eu Vi 812
: 22 23 P
Material Es, Vyg Gy (kg /rm®)
(Mpa) V3 (Mpa)
UD glass 38050 0321 4740
(glassﬁ:poxy 11780 0321 4740 1.90e-6
TSN1010)° 11780 0321 4740
. 30007 0224 3766
%ﬁfgpf;‘lb;)‘c 14381 0224 3766 1.88e-6
8450 0054 3766
117640 0321 3690
U%ﬁgﬁgg‘ 7840 0321 1850 1.60e-6
( 7840 0025 3690
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Table 5. Natural frequencies and loss factors
due to changes of layer length

1st Bending mode

c%irsltgrglin(éfi Thickness Thickness

Layer 0.2mm 0.35mm

w n w n
without layer 133.20 0.0127 133.20 0.0127
lv= 275 mm 13350 0.0162 13351 0.0163
lv= 56 mm 13479 0.0293 134.86 0.0312
lv= 825 mm 13684 0.04296 137.11 0.0494
[,= 110 mm 13912 0.0491 139.66 0.0605
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Fig. 5 Comparing FEM analysis with modal
test of flap mode
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Fig. 6. The rate of increase due to changes of
constrained layer thickness (lag and
flap modes)
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Fig. 7. Modal test : magnitude vs frequencies
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Fig. 8. Modal test : magnitude vs time
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Fig. 9. Comparing loss factors of side layer
with both layers (lag and flap mode)
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Fig. 10. Loss factors of flexures due to
changes of constrained layer
thickness
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Fig. 11. Comparing loss factors of flexures
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