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Vibration performance of dual rotor systems considering elastohydrodynamic
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Abstract; To study the nonlinear vibration characteristics of dual rotor systems considering the elastohydrodynamic
lubrication ( EHL) of intershaft bearings, an intershaft bearing contact model and an intershaft bearing-dual rotor
system model for aero-engine were established based on the EHL theory and the rotor dynamics theory. The
dynamic characteristics of the system were obtained by numerical simulation. The amplitude-frequency response of
the dual rotor system was analyzed under the conditions with or without EHL. The influences of Hertz contact
stiffness, radial clearance, and viscosity of lubricating oil of intershaft bearing on the system characteristics were
compared. Results show that EHL had little effect on the vibration amplitude and the position of the resonant peak
of the high pressure rotor and low pressure rotor at the first order resonant peak, while it had great effect on the
resonant peak in the high speed range, which made the resonant peak move to the right and decreased its
amplitude. With varying Hertz contact stiffness and radial clearance of intershaft bearing, the variation of amplitude
at the first order resonant peak was less than 5% when considering EHL, and that at the second order resonant peak
was between 4% and 9% . The position of the first order resonant peak was not offset, while that of the second
order resonant peak moved about 2% - 8% to the high-frequency direction. The influence on the vibration
amplitude of the low pressure rotor and high pressure rotor was less than 1% when the viscosity of lubricating oil
was changed. Finally, simulation results were validated by gas-driven dual rotor experimental facility.

Keywords: dual rotor system; intershaft bearing; elastohydrodynamic lubrication; dynamic characteristics;
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Fig. 1 Schematic of dual rotor system model
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Tab.2 Relative changes in vibration amplitude of low pressure

rotor

Wil gE/ SR 2R W3 bR R4 dLdR
(N-m~1%) 1/ % 1/ % 1/ % 1/ %

5 %108 4.94 4.66 7.54 7.50

1 x10° 0.50 3.89 5.41 7.12

2 x10° 0.21 1.85 4.57 4.16
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Tab.3 Relative changes in vibration amplitude of high pressure

rotor

204 BUIR 2R HE3IHR B4R

(N-m~1%) 1/ % 1/ % W/ % W/ %
5x10® 1.24 1.86 4.60 6.09
1x10° 0.93 0.80 6.09 6.12
2 x10° 1.01 0.47 4.87 6.30
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Tab. 4

Relative changes in the speed corresponding to the

resonant peak of low pressure rotor
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5x10® 0 0 6.12 6.98
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2 x10° 0 0 2.68 2.01
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Relative changes in the speed corresponding to the

resonant peak of high pressure rotor
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5x10% 0 0 4.63 4.29
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2 x10° 0 0 3.81 4.35
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Fig.7  Amplitude-frequency curves of dual rotor system with

different radical clearances
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Tab.6 Relative changes in vibration amplitude of low pressure

rotor
s, IR 2IMR A3 IHR B4 IR
pm W/ % W/ % W/ % W/ %
0.1 2.82 2.08 8.00 6.31
2.0 0.50 3.89 5.41 7.12
5.0 1.19 1.65 8.73 7.81
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Tab.7 Relative changes in vibration amplitude of high pressure

rotor
(EEr: SR 2R B3R 4 IR
B/ wm 1%/ % 1%/ % 1%/ % 1%/ %
0.1 2.02 0.12 4.96 7.04
2.0 0.93 0.80 6.09 6.12

5.0 1.55 0.10 5.64 6.38
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Tab. 8

Relative changes in the speed corresponding to the

resonant peak of low pressure rotor

x99 SEHETHIREMCENNNERENNTE
Tab. 9

Relative changes in the speed corresponding to the

resonant peak of high pressure rotor

Mt SR 23R 3R 4R Hera i SR 23R 3R 4R
B/ wm 1%/ % 1%/ % %/ % 1%/ % B/ wm 1%/ % 1%/ % 1%/ % %/ %

0.1 0 0 7.62 5.71 0.1 0 0 7.22 6.20

2.0 0 0 3.74 4.26 2.0 0 0 4.67 4.32

5.0 0 0 2.93 2.82 5.0 0 0 2.65 1.36

®10 REEFIRIBERREBEEANSEE
Tab. 10  Vibration amplitude and its relative change for low pressure rotor
. 5 1 kg 55 2 kg 55 3 kg 5 4 hfRig
FhRL/ (Pars)
BE{E/ um AAXTPCE R/ % BEE/um AAXTECER/% BEE/un AAXTECER/% BE{E/ AR AR/ %
0.300 46.540 0.470 78.190 3.880 65.260 5.210 138. 160 7.150
0.030 46.550 0.500 78.200 3.890 65.310 5.410 138.210 7.120
0.003 46.560 0.520 78.210 3.900 65.320 5.130 138.220 7.110
®11 SEEFIRIBEERKREENSEEES
Tab. 11 Vibration amplitude and its relative change for high pressure rotor
y 5 1 kg 55 2 HhfiRig 55 3 HhfRig 5 4 hyRig
BhHL/ (Pass)
B/ wm AAXTEUER/ % BEE/um AAXTEUER/ % BEE/un AAXTEUER/% BE{E/ AR AR/ %

0.300 49.790 0.940 80. 140 0.770 66.710 6.120 116. 400 5.170
0.030 49.800 0.930 80. 150 0. 800 66.720 6.090 116. 500 6.120
0.003 49.810 0.910 80. 160 0.880 66. 830 6.110 116. 600 6.040
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