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Effect of oil film clearance on dynamic characteristics of
variable speed rotor with non-concentric SFD

NIE Weijian" 2, LI Jian" ?, TANG Guang" ?, LIU Feichun" ?, YUAN Wei' *

(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China; 2. Key Laboratory of
Aero-engine Vibration Technology, Aero Engine Corporation of China, Zhuzhou 412002, China)

Abstract: To study the influence of different oil film clearances on the dynamic characteristicsof a non-
concentric squeeze film damper (NCSFD) variable speed rotor system, the variable speed rotor system of an
aero-engine was taken as the research object, the consistent design principle of rotor dynamic characteristics
was put forward, and a simulated rotor was designed. Analysis and experimental study on the dynamic
characteristics of the rotor under different oil film clearances were carried out. The results show that the
dynamic characteristics of the simulated rotor and the real rotor are in good agreement. Besides, it has been
found that a 0.1 mm oil film clearance is more reasonable. In addition, based on the optimized oil film
clearance, research on the wide-speed domain of the rotor system was carried out. In the range of 0.51n to
1.00mn, the vibration displacement change does not exceed 4 pum, the vibration acceleration change does not
exceed 0.04¢g, and the rotor runs stably within a wide working speed range. The study provides a reference
for the engineering design and vibration reduction design of variable speed rotors in aircraft engines.
Key words: aero-engine; NCSFD; nonlinear; oil clearance; rotor dynamic
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Fig.1 Schematic diagram of rotor structure
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Fig.3 Finite element calculation model of simulated rotor
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Fig.4 Finite element calculation model of true rotor
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Table 1 Stiffness of each support
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Table 2 Comparison results of the critical speeds
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Table 3 Comparison results of the mode shapes
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Fig.5 Bifurcation diagram
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Table 4 Stiffness of supports
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Table 5 Calculation results of critical speed and margin
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Table 6 Calculation result of vibration modes
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Table 7 Rotor experiment test parameters

Wik 2% Wi s B
SRR BRI (D ~Dy) wm
SR i R P (A ~A) g
42 KEEREQH

SIS AN ] i B ] B 1 R G sh 1R G R
i), 24275 SR AR R R 240.05 mm 0.10 mmPk K
0.15 mm#, 3 X515 21 1 D ~D, o B AL BRI 75
YRS N, QI8 7 o

FH P 8 1T 1, I A Y 5[] B A8 K Il LB 3k “ i
B, FLI A T 5 T H /) , RINCSFD7E

As(L)
A(L) As(L) Ay(=)
A= (-
(%) DY(L) A=)
- Dy(L) D:® py(1)
il
A 1=
— : §
L )
B T
HA
JE I | g -

P65 2
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Fig.8 Rotor vibration response curve changes with speed under different oil film clearances
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Table 8 Calculation error of critical speeds
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Table 9 Variations of rotor deflection
L23u 0.51n 0.57n 0.63n 0.69n 0.74n 0.80n 0.86n 0.91n 0.97n 1.00n
D, 220~224 103~105 79~81 93~96 99~102 97~99 108~110 115~117 114~116 119~121
PRBF D, 125~126 80~82 60~62 90~92 92~94 75~77 73~75 68~69 61~63 65~67
ZAEEMm Dy 101~103  107~109 72~74 102~105  99~102 85~87 87~89 85~87 77~80 88~90
D, 265~268 214~217 201~203 112~114 117~120 108~110 104~106 97~100 97~99 89~93
10 JRBImE AR A (E
Table 10 Variations of vibration acceleration
L230 0.51n 0.57n 0.63n 0.69n 0.74n 0.80n 0.86n 091n 0.97n 1.00n
A 0.13~0.16  0.16~0.18  0.28~0.30 0.10~0.13  0.19~0.22 0.15~0.18  0.20~0.23  0.24~0.26  0.33~0.35  0.33~0.35
A, 0.25~0.28  0.28~0.30  0.25~0.28 0.21~0.24  0.27~0.30  0.25~0.28  0.34~0.38  0.41~0.44  0.65~0.68  0.65~0.68
YR Bk B A 0.24~0.26  0.25~0.28  0.24~0.28 0.24~0.27 0.25~0.27 0.26~0.28  0.25~0.28  0.28~0.30  0.42~0.45 0.41~0.44
A fbfd/g Ay 0.17~0.19  0.19~0.22  0.17~0.20  0.14~0.17  0.20~0.24  0.23~0.26  0.24~0.26  0.49~0.51 0.75~0.78  0.59~0.61
As 0.58~0.62  0.69~0.72  0.44~0.47 0.56~0.60 0.71~0.74 0.67~0.71  0.76~0.80  0.59~0.62  0.65~0.68  0.75~0.77
Ag 0.50~0.53  0.54~0.57 0.64~0.66 0.50~0.54 0.48~0.51 0.58~0.60 0.46~0.49 0.33~0.35 0.59~0.62 0.52~0.56
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