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Analysis on effect of mount stiffness on whole

engine coupling vibration

QU Meijiao' s CHEN Guo', FENG Guoquan®
(1. College of Civil Aviation, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China;
2. Shenyang Engine Research Institute,
Aero Engine (Group) Corporation of China, Shenyang 110015, China)

Abstract: Using an aero-engine rotor tester with casing, a finite element model of en-
gine to simulate the actual mounting condition was built. The modal tests of the tester under
installation were carried out, and the finite element model was updated and verified based on
the modal test results. The first 3 order natural frequencies and modal shapes of the tester
were calculated under the conditions of the free boundary, fixed boundary and flexible
mounting boundary with different mount stiffness values. By defining a rotor-stator coupling
factor, the effect of the mount stiffness on the coupling degree between the stator and the ro-
tor was studied. Results show that the coupling degree between stator and rotor increases
with the increasing effect of mounting condition for a certain order mode. Moreover, the
effect of the mount stiffness values on the rotor-stator coupling is nonlinear. Because the
coupling phenomena between stator and rotor exist in many modes of practical large scale

turbofan engines, the effect of the mount stiffness values on the coupling vibration of engine
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cannot be ignored. Therefore, the mount conditions should be considered carefully in finite

element modeling and simulating.

Key words: aero-engine; the whole engine vibration; coupling dynamics; mount;

finite element method
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Fig. 1 Aero-engine rotor tester
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Fig. 2 Tester mounting structures mounting

in test room
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Fig. 3 Test point positions schematic diagram of

the whole tester modal test
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Table 1 Test modal results
1 2 3
f/Hz 38.2 46. 6 113.3
0. 0183 0. 0167 0. 0134
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Fig. 4 The first 3 orders modal shapes of test
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Three-dimensional geometric model

of the tester
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Table 2 Material parameters of tester model

E/10" Pa p/(kg/m"‘) 2
2.11 7800 0.3
Solid 186
, Combin 14
b .
, 3 . ,
kl 9kz 1) kg,l s R3y
skig sk,
6 o 179763 s
57204 R
3 ( :10°(N/m))
Table 3 Supports parameters of tester (unit:10°(N/m))
k] 1. 0 k;;y 50
ky 1.0 ki, 5.0
ks 50 ki, 5.0
6

Fig. 6 Finite element model of tester
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CBD<(coded database)
) ANSYS )
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1 , 113. 0 Hz,
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7 3
Fig. 7 The first 3 orders modal shapes in the condition

of mounting in test room
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Table 4 Comparisons between the first 3 orders natural

frequencies of simulation and test result

1 2 3
/Hz  38.3 16.6 113.3
/Hz  38.2 15.6 112.9
/% —0.26 —2.14 —0. 35
’
o 1, 3. 4. 5, 7.

13

D

2)

_O. 26%’
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Fig. 8 Comparisons between the frequency response
functions of test and simulation results
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The first 3 orders modal shapes in the free

mounting boundary
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Fig. 10 The first 3 orders modal shapes in the

fixed mounting boundary
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o Fig. 11 Simulated modal shape dimensionless
= % displacements in different mounting boundaries
‘Ri max l . ~
H ‘ Si max 3 ’
i , 5
o 5 3
3.4 Table 5 Rotor-stator coupling factor of the first 3 orders
modal shapes in different mounting boundaries
ANSYS s
’ b
° ' Cy 0. 496 0. 012 0. 211
3
’ G 0. 384 0. 015 0. 078
’ C 0. 015 0. 003 0. 021

3 11 o
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Fig. 12 Relationship between the first 3 orders natural

frequencies and mount stiffness values
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Fig. 13 Relationships between the 1st order modal shape
displacement of the test point 1, 6, 7, 13 and

mounts stiffness values
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Fig. 14 Relationship between the 1st modal shape
displacement absolute values of the test point

1, 6, 7, 13 and mount stiffness values
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