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Design of an Elastomeric Bearing for a Helicopter Rotor Hub by
Non-linear Finite Element Method

Hyun-Duk Kim*, Si-Yoong Yoo* and Jung-Sun Park**

ABSTRACT

In this paper, an elastomeric bearing for a helicopter rotor hub is designed using
nonlinear finite element method. The elastomeric bearing is the main component of
the helicopter rotor hub that acts as a hinge to three motions(flapping, lagging and
pitching) of rotor blade. The elastomeric bearing consists of rubber and metal plates.
The stiffness design of the elastomeric bearing is important because elastic deformation
of rubber is served to hinge. Accordingly, the elastomeric bearing is designed to
satisfy the stiffness requirements for rotor hub bearing. In this study, a FE model
generation algorithm is developed and stiffness characteristic of a rubber plate is
analyzed for an efficient design of the spherical elastomeric bearing. It is proven that
the elastomeric bearing satisfies stiffness requirements of the spherical bearing for a
helicopter rotor hub.
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Elastomeric Bearing |

N, /Hub Sleeve

\/

Blade Pin Hole

_r_____..ﬂotor Mast

Fig. 1. Spheriflex main rotor assembly

Table 1. Stiffness requirements of Spherical
elastomeric bearing[1]

Axis direction Requirements
Compression (A,,,) | = 100 [kN/mm]
z
Pitch (K) < 4 [kN - mm/°]
Lateral (Ko | > 10 [kKN/mm]
z,y
Flap (&) ~ 10 [kN - mm/°]
% Pitch axis
Flapping axis y

X Lead—lag axis

9

Fig. 2. Coordinate of spherical elastomeric
bearing
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(b) Tail rotor bearing
(1500RPM)

Fig. 3. Standard blade bearing(3]
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Table 2. Range of design parameters and
loads for the single rubber plate

Radius (R) 100 [mm]
Inner angle (@) |3 ~ 20 [°]
Outer angle () |28 ~ 45[°]
Thickness (t) 1 ~ 1.5 [mm]
Compress load (F) 0, 280 [kN]
Compress displacement (4,) 0 ~ 0.1 [mm]
Lateral displacement (6,) 0 ~ 0.1 [mm]
Pitch angle (0t) | O ~1 [°]
Flap angle (Ppp) | O ~1 [°]

Fig. 4. Shape and loads for the single
rubber plate

3.1 Mooney-Rivlin model
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Fig. 5. Strain—stress curve of natural rubber
(Mooney-Rivlin model)
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Fig. 10. Momeni(4,) graph of pitch direction
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Fig. 11. Moment(2Z,) graph of flap direction
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Fig. 14. Compression stiffness - ¢,,, graph
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Fig. 15. Torsional stiffness - ¢,,, graph
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Fig. 16. Design parameter of spherical bearing
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<=0 > no i =i+ 5 TEAT stEe A WA R 23
ves 2 g% 250 48395 Table 33 Lol A
[ Mesh generation ’ A nRFHe] = 2570y, BE F£39 T
I
| Load & boundary conditions | = 1 OmmO] E]' Z_]'- .ﬂ—‘?‘ﬁ]’«] T”ﬂ 0.4mm ~

Fig. 17. FE model generation algorithm
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(a) y-z plane symmetric 5 layer model

(b) Cyclic symmetric
3 layer model

(c) Cyclic symmetric
6 layer model

Fig. 18. FE model of spherical bearing

22mm= Table 49} o] wtFo] AALE F7
T FUb Stk dAE gdAwo g es At
& 7zt ke AL Table 591 WERAATH
AA"E WA zF WwE AAES 109.63
kN/mm¢| & 7FRch

o] ool 280kN9
AS 4= HYe < 25mm9 .
2] 280kNel Widt F+x23 S Hrlslo)
213k 25mme) Wejol gt siAe FPsH e
M I ZA3}Z Fig. 19~200] WeERRATH g3
31]01‘314 ZU)-g-8 (von-Mises stress) ZE{wjX
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Table 3. Design results of spherical bearing

r 35[mm]
n 25
‘ Rubber ¢, ~t, |0.4~22[mm]
Design Metal ¢, 1.0[mm]
Parameter . %m 1. 13[]
L,, L, 30, 25[mm]
qﬁbemng 26[°

Table 4. Thickness of each rubber in
spherical bearing

[mm] [mm] [mm] [mm] [mm]
1104 |6] 06 |11] 09 |16] 1.3 [21]| 1.8
21 04 |7] 07 |12] 09 17| 1.4 (22| 1.9
3105 |8| 07 |13] 1.0 |18]| 1.5 (23] 2.0
41 05 19| 08 (14| 1.1 [19| 16 |24| 21
51 06 |10] 08 |15] 1.2 |20| 1.7 [25]| 2.2

Table 5. Stiffness of designed spherical bearing

109.63 [kN/mm]
10.102 [kN/mm]
3.971kN - mm/°]
9.358[kN - mm/°]

bearing

[#]

5 yaring
5] aring
]

¢ lbearing

Stiffness




38 &

6 9%, 2010. 6 HIAE 83 AMe o

Fig. 19. von—Mises stress by compression
displacement 2.5mm

Fig. 20. von—-Mises strain by compression
displacement 2.5mm
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