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Nonlinear stiffness mechanism analysis and numerical simulation
of rabbet-bolted connection structure

LI Lunxu, CHEN Guo, YU Pingchao, YANG Mohan

(College of Civil Aviation,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Focusing on the rabbet-bolted connection structure of high speed rotor, the
nonlinear mechanism of tensile stiffness and bending stiffness was analyzed based on
structure’s stress and strain analysis of different deformation stages and finite element nu-
merical simulation. The influence of rabbet on the nonlinear stiffness of connection structure
was discussed, the influence regulation of key parameters on the connection stiffness was ob-
tained, and then the influence of stiffness loss on vibration characteristics of high pressure
rotor was analyzed quantitatively. Results showed that, the rabbet-bolted connection struc-
ture had three deformation states when the structure was in tension, and the tensile stiffness
was piecewise nonlinear. The bending stiffness had an inverted S-shaped nonlinear change
regulation due to the nonlinear tensile stiffness and the change of tension and compression ar-
ea. The penetration of rabbet had obvious influence on the bending stiffness, while the rota-

tional speed had little influence. The stiffness loss of rabbet-bolted connection had a certain
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effect on the critical speed of bending type and pitching type, but it had little effect on the

critical speed of translational type.

Key words: high speed rotor; rabbet-bolted connection; nonlinear stiffness;

characteristic parameters; dynamic property
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1

Fig.1 Typical high pressure rotor of aero-engine

2

Fig. 2 Rabbet-bolted connection structure

3

Fig. 3 Schematic diagram of tightness of rabbet
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4
Fig. 4 Schematic diagram of rabbet-bolted

connection structure
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Fig. 5 Rabbet-bolted connection structure deformation

and stress
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Fig. 6 Continuous structure deformation and stress
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Fig. 7 Deformation and stress of the rabbet-bolted

connection during the viscous phase of

the rabbet
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Fig. 8 Deformation and stress of the rabbet-bolted
connection during flange separation in

front of the bolt
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Fig. 9 Equivalent beam model during flange separation

in front of the bolt
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Fig. 10 Deformation, stress and equivalent beam model of the rabbet-bolted connection during

flange separation in back of the bolt
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Fig. 12 Finite element model of bolt connection and
° rabbet-bolted connection structures
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Table 1 Material parameters and loading parameters of
rabbet-bolted connection structure model
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Fig. 11 Dimensions of rabbet-bolted connection /(r/min) 9000

structure (unit: mm)
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Fig. 17 Stress-strain diagram of rabbet-bolted connection
structure under tensile load ’
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Fig. 18 Stress-strain diagram of rabbet-bolted

connection structure under compression load
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Fig. 20 Contact state of flange under different

bending moments
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Fig. 21 Bending stiffness change under different

rabbet interference

22 (M=3000N * m)
Fig. 22 Effect of rabbet interference on bending
stiffness (M=3000N * m)
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Fig. 25 Rabbet-bolted connection structure stress

under rotational speed
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Table 2 Proportion of the strain energy of the
rabbet-bolted connection structure in
, , the rotor strain energy
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Table 3 Effect of rabbet-bolted connection structure bending stiffness change on the critical speed
/(xr/min) /%
1 2 3 1 2 3
4383 8620 41603

1 4349 8288 41215 0.78 3. 85 0.93

2 4358 8597 38592 0.57 0. 27 7.24

4 4343 8607 41200 0. 91 0.15 0.97
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