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Bearability of cross-excitation modes of aero-engine dual-rotor
system and its experimental verification

Cheng Chi', Liao Mingfu', Lei Xinliang’, Shi Bin?, Wang Rui', Kuang Junyao'
(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China;
2. Sichuan Gas Turbine Establishment, Aero Engine Corporation of China, Chengdu 610500, China)

Abstract: To elucidate the contradictory phenomenon of the cross-excitation mode that the
displacement or deformation of the excitation source rotor is very small while that of the excited rotor is
absolutely dominant, the orthogonality between the force and the vibration mode is analyzed based on
rotor modal analysis method and a dual-rotor model with inter-shaft bearing. A dual-rotor experimental
setup was built, and modal experiment, response experiment and long-term resonance experiment were
carried out. The experimental results showed that the critical speed error between the experimental results
and the calculation results of the dual-rotor experimental setup was up to 3.7%, and the modal shape error
was up to 9.5%. The unbalanced response during the acceleration and deceleration process had no peak at
the cross-excitation mode. A long-time resonance exceeding 62 minutes was performed under the cross-
excitation mode. Even if the maximum amount of applied imbalance was 145% of the coupling mode, the

peak response was still less than 25% of the coupling mode. The research results fully prove that the cross-
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excitation mode is a mode with high acceptability, presenting vey low risk of severe vibration.

Keywords: inter-shaft bearing; dual-rotor system; cross-excitation mode; bearable modes;

orthogonality of modal force
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Fig. 1 Dual-rotor model

BT A ROCELE, nTAF B0 E 1 f s XU 1
TR B3z Bl oy T e, Bl

Mq+ (C—QIGI—QhGh)q+Kq=Q (1)

AP M ORI ARARGE A (4 i 5 © SO AR &
R BLEHRE; Gy 5 G 70 BIR R | IR 7
X 7 A R BE BRSSO R 5 K O 2R GE W E AR R, HG
LR T 0 AR 5 R R BRI EE s 2,5 Q093 51
Fonin ., RIREE T RS @ RIEAE N E RS L
F1% SIS BBl 2 Ay 1) s @ ARG T ARG A
ol i, Hom oA

g=la & - a] (2)

AP PR T Y R, N R AR
22X (1) A L AR R AR G o i iR Y
FEU TR, AT AT UL 1 R G B A

Mq+(C—Q1G1—QhGh>q+Kq:0 (3)

H1 3 (3) X D7 1) il 7 7 AT A5 B 5 1 R GERY
RS o AR BT I, U T AR G AT R R A
R 0 B PR 2, &L 2 BT s o Hrp, LRE
F s U HRE 27 i IRl o % 7L R T
YRR 2% 9 IR B 3 2 114 52 50X I 35 % 190
FR45 Bt S, FEAR, a b 1 d oA e T 2 1D
A AL T, ¢ T e DA AR e Sl T A Il S
e L, 51 52 KT L R I 1) R BRI U 1 R
1 9IR 2 fi)

SCHK [14-15] B X — 2 XU F 0 48 64T T

RS THE, 15 30 5% 330 Bl 3% T RS IR AL, 4n
3R 4 Fros . Hodr, B3 WoR TR Y
A3 MBS IR Y, [ 4 57 v F 38 9 i 4 B A
BPRA,

gk 4 A LRE oo HelR TR

ROy
(rad/s)

»

A
RS #.Q)/(rad/s)

B2 U T S o I i
Fig.2 Critical speed map of dual-rotor

HEZ
BT N\ %“
) Iy
1.0 e
Al
osf |/ V O
f@ [ /l [/t
N Lyt 1
£ 0 :
A
E—0.5 é\/@
1.0 &
0 0.5 -1

., 10 L5 2.0
A7 8 /m '

(a) MRIREE TR 1B

20240782-3



IR DA

%41

S\ FIERT
UREET
o Mg R/

@ 05
< o0 1
=™ A\‘\
% s &
,ZVS
-1.0 &
0 0.5 1.0 20*1
7 5 m ’
(b) TRERE TR 28y
sl
AT ey
/
1.0 ?&\ X
/|
@ 05 '
2 1
05 <§
hal
1o EFERE T &
0 0.5 —1

1.0 1.5 20
i) 37 '

(o) MRIEHe TR 3 B
K3 RER TR R A R

Fig. 3 Mode shapes for low-pressure (LP) rotor excitation
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