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Fig. 1 Model of double-disk rotor-bearing system

for torsional vibration

F TR B AR S, AR s e O B 1 &R
Ger= A AR SR N T, T B B A ol R
[ (P AT 1 ol 1 B B, ELBE S A% i S 5% R
oyt b 1) (e BRAE A DA ] — R, PR ELAE OO R 2
ARG TR B . AT S EE ) S AR

AN PEHIFAR S 25 MR 35 P IRl 2 18] A £

ds = ududp

)
A
= (Vs
k X

2 THHR PR R

Fig.2  Schematic diagram of surface contact rubbing
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Fig.3 Torsion angle coordinate of the ith disk
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Table 1 ~ Parameters of rotor system
parameter value
Young modulus E/(N - m~?) 2.1 x1011
shear modulus G/ (N + m~2) 8 x 1010
material density p/ (kg - m =) 7800
frictional coefficient 0.2
quality of disk =1 m,,/(kg) 42.51
quality of disk =2 m_,/(kg) 32.33
quality of left bearing m,, / (kg) 14.97
quality of right bearing m,/ (kg) 11.66
Length of rotor shaft //(m) 1.5
Shaft section proportion [, :1, : /5 3.6:1
Radius of disk =1 R,/(m) 0.15
Radius of disk -2 R,/ (m) 0.13
Radius of shaft R;/(m) 0.03
Radius of seal R/ (m) 0.05

K2 ARIRTREETFREHSEIEE
Table 2 Parameter selection of double — disk rotor system

in different working condition

condition ha/ “ B 3 %
10°N/m”? /10 °m  /10°m  /10™*m /10 *m
1 3.8 3 2 2 2
2 3.8 3 2 2 1
3 3.8 3 2 4 1
4 3.8 4 3 2 1
5 3.8 3 2 4 4
6 3.8 5 5 2 1
7 38 3 2 2 1
8 3.8 3 2 0 2
9 3.8 3 2 2 0

N T BRI TAES BN WL T R G 5%
PRBIHY M, K AU B Runge — Kutta B335 X %
T8 A TG R 4B By T REEA T RSB SR A T
RGSHFE 1 PR, X B ANFE T 9 4
(WL 2) 73 B BEAT IR 2 SO s (O) ABR{ELA -

51(1) = 3-(max(5(1)) = min(s(1)))  (20)
WL (1) BIRBTHIRLE 5,0, (1) W
(1) = -(max(s(1) +min(s(1)))

(21)
D024 T80 I FHLAIR W) 7 4 -5 P 249 6 T Lol ek
BAER 12, HA 2R T3k 3.
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Fig.7 Moment exciting on disk center ( Working condition 1)

*3 FAEIRTHIKRITER

Table 3  Torsional vibration comparation of

different working condition

0.54 0.56 0.58 . 0, 5/ 0,5/ 01, mean” 03 mean”
b LA condition 9 ed 10 %rad 10 rad 10 rad

4% 1 4.098%  1.5278  1.5019  5.3304

2 3.7810  0.8932  1.4322  3.2323

2 3 10.502  1.8909  3.8278  7.0166
B 4 3.7428  0.8832  1.4256  3.2314
3 5 11.574  4.3201  4.3200  15.066
2 6 3.7500  0.8638  1.3817  3.2755

7 37.886  8.9182  13.821  31.782

-4 053 056 038 8 0.5579  1.0168  0.0547  3.4809
time #(s) 9 3.6886  0.5607  1.3139  1.9540

Bl6 et omas ihiRSRa AR (T8 1)

Fig.6 Flexural vibration of disks( working condition 1)
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Table 4  Torsional moment comparation of

different working condition

diti Mzl A/ M, 4/ M, e’ M mean”

LR 22 K2, AR LT 75 8L R 50 459 32 i 7L/ T 107 Nm 10 Nm 10Nm 10~*Nm
. s 1 8.0921  7.1618  3.6876  2.6476

7 25t 1 2 BF F B 2 O T ol T ) 63 S in 5 2 8.0917  2.5320  3.6881  0.93503
R EE M. NFE3 -4 UFEL . 41 5 3 23.0000  2.5320  10.0000  0.9343
. 4 8.0127  2.5307  3.7162  0.9420

B 2 SRR 2 b B T BRI 2 A T 5 23.0000  20.0000  10.0000  7.5064
S FETIREIN T iz AN B LR E AR, AL 4 1 AR 6 79192 2.5309  3.7654  0.9610
E‘ﬂﬁliﬁu]\ Fe ke 2 3 éli?ﬂ:l b BB T 7 81.0000 25.0000 37.0000 9.3650

i 8 0.0000  7.1619  0.0000  2.6488

BRI 8645 1 5 2 AR 0 i (85 - i 47 B 2 B 9 8.0015  0.0000  3.6883  0.0000

3G, LR 1 AR RIS B e HUBR 2
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FLEXURAL-TORSIONAL VIBRATION ANALYSIS OF A DOUBLE-DISK ROTOR
CAUSED BY THERMAL EXPANSION INDUCED AXIAL MOVEMENT "

Pan Jianzhi Cao Dengqging’ Chu Shiming
(Harbin Institute of Technology, PO Box 137, Harbin 150001, China)

Abstract Taking the structural characteristics and the complexity operating environment of the whole aero-en-
gine system as the research background, the Lagrange approach was employed to establish the flexural-torsional
dynamic model for a double-disk rotor subjected to the influence of imbalance exciting force and axial movement
caused by the thermal expansion. Due to the axial movement of the shaft caused by the non-uniform distribution
of temperature and thermal expansion properties, the analytical expressions of the surface rubbing force and mo-
ment were derived respectively. Finally the fourth-order Runge-Kutta method was adopted to solve the dynamic
model. Numerical analysis on the dynamical response of the system shows that the temperature stress accumulated
by thermal expansion, axial movement of the shaft, and surface rubbing moment, are all the key factors, which

would change the inherent physical properties and cause flexural-torsional vibration of the double-disk rotor.

Key words double-disk rotor, rubbing vibration, surface rubbing moment, flexural-torsional vibration,

rotor dynamic
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