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Design Analysis of a Rotor Blade Underplatform Damper
LIU Jie, WANG Yan-rong
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Abstract: To effectively solve the problem of design analysis for the underplatform damper of rotor blade in
engineering, harmonic balance method is used to replace the high—cost nonlinear analysis, and the expression of
damping ratio provided by the damper is established. Using a flat rounded contact model to characterize the under-
platform damper, the tangential contact stiffness of the contact surface is obtained, and it only changes with ratio
of damper axial length to half-width of the contact area and material parameters. Through the finite element analy-
sis of the blade model, the influence of different design parameters on the characteristic curve of damping ratio is
analyzed, which provides a theoretical basis for the design and optimization of the damper. Taking the model in
this paper as an example, given the allowable vibration stress of S0MPa, when the mass of the damper is about
6g, the damper can provide the maximum damping ratio, which is about 3.1%.This method provides a new idea
for the design of the underplatform damper.
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Fig. 1 Mechanical model of turbine blade with an

underplatform damper
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Fig. 2 Flat rounded contact model”
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Table 1 Material parameters of the blade

Parameter Value
Density p/ (kg/m®) 7800
Young modulus E/GPa 210
Poisson ratio v 0.3
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Table 2 Natural frequency of the first mode

Rotating speed @/ (r/min) 7.5%10° 8.5x10° 1.0x10*

Ist mode frequency f,/Hz 760.8 775.0 798.8
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Table 3 Tangential contact stiffness for different rotating

speeds

. ) Tangential contact stiffness
Rotating speed w/(r/min)

k,/(N/m)

1.0x10* 5.596037 x 10*
8.5%x10° 5.481428 x 10*
7.5%10° 5.396313 x 10*

Table 4 Initial value of parameters affecting the damping

ratio
Parameter Initial value
Rotating speed @/ (r/min) 1.0x10*
Damper mass m/g 10
Damper radius R/mm 1.5
Damper axial length L/mm 24
Friction coefficient u 0.15
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Fig. 5 Damping ratio characteristic curves of an

underplatform damper by use of HBM and EM
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