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Fig.2  Finite element model of bolted joint
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Table 1  Stiffness of bolt joint under different parallelism
Angel/(°) Fy /N Fr,/N Stiffness/10°( N/m)
0.0 29998 31872 0.1874
0.4 29993 31876 0.1883
0.8 29988 31862 0.1874
1.2 29982 31844 0.1862
1.6 29975 31805 0.183
1.8 29971 31757 0.1786
2.0 29968 31691 0.1723
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Fig.8 Finite element model of rotor connection structure
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Table 2 Natural frequency of rotor system

Ideal Non parallel The change value of Ideal Non parallel The change value of
Order cotact contact frequency Order contact contact frequency

(Hz) (Hz) (Hz) (Hz) (Hz) (Hz)
1 78.104 78.114 0.01 21 6602 6602.1 0.1
2 1166.2 1166.2 0 22 6606.1 6606.1 0
3 1167.9 1167.9 0 23 6625.9 6626.1 0.2
4 1343.4 1343.5 0.1 24 7664.4 7664.4 0
5 1436.4 1436.5 0.1 25 7665.1 7665.3 0.2
6 1436.6 1436.6 0 26 7945.2 7945.1 -0.1
7 2274.7 2274.8 0.1 27 7954.7 7954.7
8 2275.3 2275.5 0.2 28 7954.9 7954.9
9 3074.8 3074.9 0.1 29 8022.9 8022.9 0
10 3529.9 3529.9 30 8028 8030.2 2.2
11 3531.3 3531.3 0 31 8080.7 8110.6 29.9
12 3796.6 3796.9 0.3 32 8111.3 8132 20.7
13 3810.2 3810.2 0 33 8148.1 8148.2 0.1
14 3810.3 3810.3 0 34 8171.4 8173.3 1.9
15 3852 3852 0 35 8195.3 8286.8 91.5
16 3852.6 3852.6 0 36 8295.9 8297.4 1.5
17 4861.6 4861.5 -0.1 37 8298.1 8298.9 0.8
18 4862 4862.9 0.9 38 8798.5 8798.7 0.2
19 6411.9 6412.1 0.2 39 9027.9 9028.2 0.3
20 6412 6412.5 0.5 40 9028.8 9029.2 0.4
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STIFFNESS OF BOLTED JOINT AND DYNAMIC CHARACTERISTICS
OF ROTORS UNDER NON-PARALLEL CONTACT"

Yan Ping Zou Cunjian Zhang Wei" Han Qingkai Sun Wei
( Dalian University of Technology, College of Mechanical Engineering, Dalian 116024, China)

Abstract Considering the non-parallel bearing surface, the evolution mechanism of the connection stiffness of a
superalloy bolted connection and its influence on the rotor modal were studied. The geometrical errors of the bolts
and connect members were represented as the non-parallel deviation of bearing surface, and then the simulation
model of tightening process and axial loading process were established. By changing the inclination angle of the
bearing surface from O degree to 2 degrees, the mechanical properties of the bolted connection were analyzed,
and the variation law of bolt tension and stress distribution under non-parallel contact was revealed. Furthermore,
the modal analysis of the rotor with non-parallel bearing surface was conducted to find out the change rules of the
rotor modal under non-uniform distributing connection stiffness. The results show that the non-parallel bearing sur-
face mainly influences the high-order modes, and the corresponding mode shape dominated by the opening-clos-

ing movement of the bolted connection.

Key words non-parallel contact, bolted connection stiffness, finite element analysis, dynamic characteris-

tics of rotor
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