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1  Sing’s Advanced Frequency Evaluation (SAFE) diagram
2  Nodal Diameter (ND)
3  Vane Passing Frequency (VPF)4  Linear and Non-Linear Energy Absorber
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1  Targeted Energy Transfer (TET)
2 Nonlinear Energy Sink (NES)
3  Linear Absorber or Tuned Mass Damper
4 Coleman
5 

6  Nonlinear Normal Mode
7  Relaxation Oscillation
8  Strongly Modulated Response (SMR)
9  Cyclic Symmetric Model
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rpm

 Fig. 2. (a) A complete model of the shaft-disk-blade system, (b) a sector of shaft-disk-blade (includes a packet of connected
blades and a slice of disk-shaft) with the periodic boundary condition.t

Fig. 3. (a) Finite element model of the sector included of 6057 structural elements, (b) Boundary condition of the periodic model.t
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1  Veering Region

ND=

ND=

2 Shaft Bending (SB2) 

 Fig. 4. Frequency diagram of the flexible shaft-disk-blades
 system of the 11th stage of the steam turbine; combined modes
 of the three components (solid lines) and disk-blade and blade

local modes (dashed lines).t
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Fig. 5. Various mode shapes of the flexible shaft-disk-blade system at low NDs.t
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1 Out of plane disk-blade Bending (OB3) 
2 In plane disk-blade Bending (IB3) 

 Fig. 7. Excitation in bladed disk system; (a) ND=0 or the synchronous whirl of the rotor, (b) whirl at the first ND of the first family,
(c) whirl at the first ND of the 11th family.t

 Fig. 6. Frequency diagram of the flexible shaft-disk-blade system close to the 11th and 12th families of natural modes (solid
lines); frequency diagram of the reduced order models (ROM) (-., --, …) t
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Fig. 8. Schematic of the two-DOF ROM with double coupling with the neighbor sectors; NES has been shown by dotted lines
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Table 1. Parameters of the two-DOF ROM with the double coupling.t
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Fig. 9. Shaft-disk-blades system cross section view at the first ND of the 11th mode; circle shows the position of NES.S
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Table 2. Parameters of the shaft-disk-blade system and the NES. t
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 Fig. 10. Maximum of the blade frequency response in terms
of the NES stiffness and damping. t
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Fig. 11. (a) Blade frequency response with and without the optimized NES, (b) NES relative displacement. t

Fig. 12. Blade frequency response sensitivity to the nonlinear stiffness of NES. t
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1  Saddle-Node
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Fig. 13. Blade frequency response sensitivity to the damping of NES. t
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