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uncertain rotor dynamic response calculation
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Abstract: In order to quantify the influence of interval uncertainties on the dynamic re-
sponse of a rotor systems a non-intrusive interval analysis procedure was proposed using or-
thogonal polynomials, so the strict requirements of probabilistic distribution in stochastic
methods were met. The deterministic model and equations of motion were established via the
finite element method. The surrogate models of the uncertain response were derived by using
Chebyshev polynomials and Legendre polynomials and the general solution procedure was il-
lustrated. The classic Monte Carlo simulation was used to demonstrate the accuracy and effi-
ciency of the two series based interval methods. Compared with the results of Monte Carlo
simulation with 500 samples, the errors in the interval methods were less than 1% and the

computing time were 2. 5% and 5.4 %, respectively. In the problem under study, the Che-
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byshev polynomials based method was more efficient. Then the dynamic response curves of

the rotor under different uncertain parameters with different uncertain degrees were given.

The results show that the orthogonal polynomials can be successfully applied to uncertain rotor-

dynamics with high efficiency and accuracy. Uncertainty has significant effects on the dynamics

of the rotor system and multiple uncertainties propagation may lead to heavy vibration.

Key words:

rotor system; uncertain parameters; interval methods;

orthogonal polynomials; dynamic response

IR AR T IR N
BTG T RSN T B0 M A T A
B NANE & AT T 2 % T 5 1 30 J e 1 of
FE A T E MR, SEPR L R E
PER WA AE TS bR TREEE M oh, O 1 75 3 SRS )
A B T30 45 2R L e 4540 04 3 25 1k 20 B R Rz
H AT E VE N R . X TR T RS
B i B 2R B AT A B B it T IR R
A RE 3 O | 22 2 5 I i R 22 AR 2 5 AN
TEME . AR S B E L 1 3 5 AR L Al
AN E PRI 25 5 R L TR AR G805 vk AT
SRAFE o BOF LBE XA B E M )R — S A R A
TR RSB SE IR R M SRS B R Kb B L = 2 X A
AN E S RO B R 5 03 A BR 2 i AR AR UK R
o HATEA —#ad . RIES T T 250
AR AN S P ) AT R 22 3l 5 B2 A B E 2 B O
AR A 2R BE AL BE RBE B BE AT O Bl E R O
Brto o SR . PRIHEAE T o A 2 2 5000 R i BE 3
O A SR AR AMESR R L B AT A R SE T ROk
R EAAR A R A /D B SRR R 5
FIARME AR T7 WL WE S A0 58 e T R GE W 8 J1 7 4%
PEN GBI T A 15 2510 AT R SR A 1
SEPESR T 2 s AN G 2B . T AR OR A R AR Ok B TR
SR AR A SR 23 BT ik o 1 28 2 1 50 3T B
VB X B B 45 5 A — L 7R [ R 2 RO A
J12E 2R Bl 1 5 s T R R I
161 3 A7 325 e AN 1 2 2 MO0 Sl oR LT AT 5 ) I (]
B A5 BB Y 22 0008 T B JEATOR A . T
B R A HS B A LR 5 — o
SER G R T BRI IR R Se g 2R
[ ST BB s 53 41 3k T 1E 22 2 1 A 3T
F1 DX T 533k B AT 04 T 2o A3t o ) Bt AR X 45 3
V5 3 T ROR AN B TR R

ARICH B S B E PR FF Chebyshev Fl
Legendre IE52 2 W 3051 A B — & 1 7 /9 X 1]
Bl TR S B R 20 T PR 2 A I R D

. KH Monte Carlo 48 7E A [R] 538 . X [
P o 53 T B B 1 Bl A N DX T ROR RE SR
wJa AT T 24 AN E S B RN E K F T
¥ 1 ARG sh A i 5

1 BFRGENIEBEHFRE

Bl 1 on o 5 2 e 1 B, T 0 T
P b 5 A 0 A G0 B0 PR SRR SORSCHE . RO R
SR U2 1) G R P N o 1 R N N
SCR A BROCIS B8 BUZ & 5 8 o 5540 o M
Jih 0 3 R 3 B 4 A L

M1 e R 2 A

Fig. 1 Schematic diagram of the rotor
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Table 1 Physical parameters of the rotor system

LY/BLE T} il i By
E/10' (N/m?) PR 2.1
L,/m Bl K 0. 05
L,/m W 2 KB 0.96
Ly/m B3 K 0.24
D/m W E AR 0.03
K, /10%(N/m) SR 1R 1
K, /10°(N/m) SR 2 W 1
C/((N * s)/m) FiverH e 200
m/kg £ o i 20
e/10 " m it > FE 8
o/ (kg/m*) Y 7800
I,/(kg + m*) A M 0.6250

I,/ (kg » m*) B BB 0.3125

1.0

=
-]

e
o

(i §5/10° m

=
'S

|
1

0 1000 2000 3000 4000 5000 6000
4/ (r/min)

2 BT PR AR A R L

Fig. 2 Deterministic steady state response of the rotor
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Table 2  Deflection bounds of the disc obtained from the Monte Carlo simulation and the two polynomial methods
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