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A coupling dynamic model for whole aero-engine

vibration and its verification

CHEN Guo
(College of Civil Aviation College,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to study the whole aero-engine vibration, a generalized complex ro-
tor-support-casing coupling dynamic model was established. In the model, the rotor and
casing systems were modeled by means of the finite elements method; the support systems
were modeled by the lumped parameter model, and the nonlinear factors of ball bearings and
the squeeze film dampers were also included; the complex structures with multi-rotor and
multi-casing was considered. A numerical integral method was used to obtain the system re-
sponses. Two aero-engine rotor testers were designed to verify the new model. The cou-
pling dynamic model was established for the tester according to the new method, and the
modal tests were carried out. The computation results were compared with the experiments

results. The results indicate the effectiveness of the new method.
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Table 1 Parameters of rotor-ball bearing test rig

E/10" Pa 2.1
D/m 0.019
0/10° (kg/m*) 7.8
P 0.3
o 5
/1077 1. 35
L,/mm 100
L,/mm 342
L;/mm 370
L,/mm 130
P, m, /kg 2.4
P, Jap / (kg » m*) 0.0125
P, Jaa/ (kg + m*) 0. 00625
P, my /kg 0.45
P, Jap/ (kg = m*) 0. 00025
P, Jaw/ (kg « m*) 0.000125
2

Table 2 Parameters of ball bearings

D,,/mm 36
d/mm 9.6
r/mm 22.8
r/mm 13.2

N, 7
Cy/10° (N/m**) 11. 67

7o/ pm 0
m, /kg 0.08

my, /kg 76

3

Table 3 Parameters of supports

k. /105 (N/m) ¢,/(N + s/m) k;/10"(N/m) ¢;/(N * s/m)

1.0 500 3.0 2000
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Table 4 Frequency recognition results ;
1 2 3 4 . )
/Hz 35.75 146.38  260.20  485.79 7000r/min. . .
/Hz 37.81 148.86  255.80  488.12 180°
2.1.3 . 10(a) ,
- 10(b)
) 1 600 r/min 11 )
4000r/min, ) P, , P,
, , P, ; 7 ., AB,BC,CD,
- . DE.EF.FG.GH, ,
) ) ,  RC RG,.
) 1~ 3. 11

0. 03 mm . , 5~ 11
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Fig. 10  Aero-engine rotor rig

5

Table 5 Unit number of rotor and casings

AB BC CD DE EF FG GH
21 2 2 5 2 5 2
6
Table 6 Main parameters of rotor
P, P, P,
m, /kg 0.5 10 10
Jo/(kg + m*) 0. 005 0.05 0.05
Jaa/ (kg « m*) 0.0025 0.025 0.025
E/10" Pa 2.1 2.1 2.1
r 0.3 0.3 0.3
0/10% (kg/m*) 7.8 7.8 7.8
ao 5 5 5
a/107° 1.35 1.35 1.35
7
Table 7 Main parameters of casings
/mm
AB BC CD DE EF FG GH E/10" Pa 0/10° (kg/m*) P a /1077
2 10 2 2 2 10 2 2.1 7.8 0.3 5 1.35
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8
Table 8 Main parameters of ball bearing
D,,/mm d/mm R/mm r/mm N, C,/10° (N/m*?)  ry/um m,/kg m, /kg
36 9.6 22.8 13.2 7 11.67 5 0.08 10
9 -
Table 9 Support parameters of rotor-casing
( ) k./(10°N/m) ¢./(N+s/m) k/10° (N/m) c;/ (N s/m)
RC, 7 BC(2) 3.5 500 5.0 500
RC, 20 FG(2) 3.5 500 5.0 500
10 -
Table 10 Connection parameters of casing-casing
( ) ( ) k. /10" (N/m) k,/10°(N e« m/rad) ¢ /(N+s/m) ¢, /(Nem-=+s/rad)
CG AB(3) BC(1) 5.0 1.0 500 100
CGC, BC(3) CD(1) 5.0 1.0 500 100
CG; CD(6) DE(1) 5.0 1.0 500 100
CC, DE(3) EF(1D) 5.0 1.0 500 100
CCs EF(6) FG(D) 5.0 1.0 500 100
CCs FG(3) GH(D) 5.0 1.0 500 100
11 -
Table 11 Connection parameters of casing-base
( ) k./107 (N/m) k./(N « m/rad) ¢./(N +s/m) ¢,/(N+m-=s/rad)
CB, BC(2) 5.0 0 500 0
CB, FG(2) 5.0 0 500 0
2.2.2
, : NI
NI9234 . ENDEVCO
30927 N
HEV-50A B&.K 4508
1CP 12
b
’ 12
13 14 Fig. 12 Modal test of rotor tester
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