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Abstract: In order to study the effects of the connection stiffness between the disks of the gas turbine cir-
cumferential distributed rod rotor on the vibration characteristics of the rotor, an equivalent method based on six—
degree—of—freedom spring element is proposed. Firstly, the contact stiffness of the disks and the bending stiffness
of the tie rod are equivalently entered into the connection interface at the same time, which is convenient to use a

one—dimensional beam element to solve the change of its critical speed and vibration response, and verified that

* WA EEE: 2019-12-12; f&iTHHS: 2020-02-19.
EETH: EERHHEKELT (2017-1V-0010-0047).
EE®IAY: 5k WL, Wik, WIS EEF5) )%, E-mail: zhangfan@iet.cn
BIAEE . SoIR, WL, BI5E6, UIaCh i T3171% . E-mail: fengyinli@iet.cn
IR ok WL, EOIR, SEEE, AF L BRACASHLE R 3 NI B AL R SR S e i BIE S L) . HEREROR
2021, 42(5) : 1138-1147. (ZHANG Fan, FENG Yin-li, GUO Bao-ting, et al. Impact of Connection Stiffness on
Vibration Characteristics of Rotor in Circumferential Tie Rod Rotor of Gas Turbine [J]. Journal of Propulsion

Technology, 2021, 42(5) :1138-1147.)



a2k S

RRSCHE AL 1) P30T B 7 3 2 O B 0 e 7 0IR Sl R P ) ) B 5 1139

the coincidence between the method and the full three—dimensional finite element method is less than 3%. Then
rewritten the non—linear dynamic equation, solved it with the harmonic balance method, and verified its accuracy
using the Newmark method. Finally, the equivalent method was used to calculate the influence of the connection
stiffness of a simulated rotor on its critical speed, response characteristics, nonlinear characteristics, etc. The
calculation results show that: When the shear stiffness and bending stiffness of the joint surface decrease by three
orders of magnitude, the critical speed decreases and the response increases, the degree of influence can be
roughly estimated from the various modes and the response amplitude is greatly affected by the shear stiffness.
The comparison error between the critical rotational speed when the value tends to converge and the test value is
less than 2%, which is significantly higher than that of the continuous model. In the case of anisotropic connec-
tion stiffness, two response peaks appear at each order of critical speed, and the axis trajectory becomes ellipti-
cal. After considering stiffness as a function of displacement (non—linear stiffness), the response peak of the rotor
has a ‘torsional’ characteristic, and the characteristics of the peak show a ‘wavy’ change with the changes of im-
balance and dimensionless damping.

Key words: Circumferential tie rod rotor; Connection stiffness; Nonlinear characteristics; Critical rota-

tional speed; Vibration characteristics
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Fig.2 Optimization method

Table 1 Physical parameters of rotor

Parameter Value/mm
Rotor length 700.28
Tie rod length 521.49
Disk thickness 38.20
1st shaft head length 48.53
2nd shaft head length 48.88
Ist shaft head diameter 25.50
2nd shaft head diameter 37.37
Tie rod diameter 10.00
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Table 2 Comparison of critical speed under various

preloads

Critical speed/(rad/s)
Preload Model

Istorder  2nd order  3rd order
Model A 5080.93 13189.00  22390.42
5kN Model B 4987.14 13375.09  22853.71
Relative error/% 1.85 -1.41 -2.07
Model A 6149.99 15690.55  24769.84
50kN Model B 6039.18 15409.90  24548.50
Relative error/% 1.80 1.79 0.89
Model A 7257.68 17494.57  25784.41
500kN Model B 7126.50 17169.66  25789.90
Relative error/% 2.18 1.86 -0.21
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Fig.3 Bending formation comparison
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Table 3 Critical rotational speed of rod fastening rotor for

heavy duty gas turbine (r/min)
Order of vibration Continuum model  Model B Test data
Ist 1104.4 1068.9 1050.5
2nd 2768.7 2580.6 2502.6
3rd 3421.7 3369.6 3348.2
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