55 26 & 5 2 W M= HF#| Vol. 26 No. 2
20114 2 A Journal of Aerospace Power Feb. 2011

XEHS:1000-8055(2011)02-0385-07

JE) B 3ot B 7 P 42 25 #0725 i Rz 5K 167 Hh mY Sz A

hEx, TEZE
LR AT R K 2: BRIR S 3 ) TR 2=Be ., dbaT 100191)

1 B WSS T G A R T SR A5 A R AS 0 9 7 k. B SE F ANSYS 15 319 5 e X NI
R RO A B 3 R T B A R T A X R 6 R AR BT I e X B LA B X g B R R I S A
5 T DX JIT 52 AT 114 R A A5 0 A N 20 A 109 A (] 43 A T X HEHEAT Fourier R FF L A4S B J6] 1 X Bk B (1 2
fif. R ] Newmark ¥ $EAT I S8 BR 43, 1) ] 22 i vk R R ik 5 R 4. e J5 DA — A e 45 1 i A BR TR B4 Sy
S B UE T S0y Wk Y TE A R RO

X # . MEZH; ABIXTFR; BEASWL; Fourier 284 ; Newmark J7 ik

RESES: V2313 XERFRIRED: A

Application of cyclic symmetry property in transient
forced vibration of bladed disks

YAO Jian-yao, WANG Jian-jun
(School of Jet Propulsion,
Beijing University of Aeronautics and-Astronatitics, Beijing 100191, China)

Abstract: A method for transient response-ealculation of bladed disks was presented u-
sing the cycli¢ symmetry propetty of-the structure, The stiffness and mass matrices of ex-
panded sector were generatéd by ANSYS. The-transformation matrix {from expanded sector
to basic sector was obtained using the corfesponding nodes on sector boundaries. The load
vector for the cyclic\symmetric'‘'model was obtained from the spatial Fourier transformation of
the forces on every-$ector. The transient responses were calculated using Newmark method,
and multi-frontal method was selected as the direct equation solver. A bladed disk with 12
sectors was applied as the numerical example, indicating that the proposed method is effec-

tive for transient analysis of bladed disks.
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Table 2 Procedure for Newmark method

P AR 3

—\
o

—_

BN A X AR K, M, , S, 15 K, Al My,
2 BRI T N EOCR (T ED

3 BEIFA PR S A xCio) s x(1) s xCto)

4 BEERTELZK o RS E

5 for i=1:n_stp

6 for k=1:node_ex

7 F(k,:) = interpl(t,, T;, Ex)
8 Pft(ir):iNcp“F(k,:)’

9 end

10 forrzl:[%}Jrl

. K, = K,u + Kg"M,, = M, + M, ,
G = oK, + M,
12 K, =K, + oM, + qC,
13 HHE 0,
14 call x,,((i+1)D=UMFPACK(K),Q,)
15 HE %, (DD, 3G+ DD
16 end
17 BIFEXADMADIHE X,
18 end
4 &

AR SCR AN B UM R i 45 4 £ 0 96 ik
BERY M BT 23 AU, SR 8 Y S AR B
I, HA BROCRI RNl 1 R, PR DXORE 7 R
BRI LA 3R 3 F 7 s R AT LU Y, B AL

®3 BERTEBAELER
Table 3 Comparison of full and sector finite

element model

LT BRI W1 46 [/ MB
Ak 79166 109618 343. 48
i X 3442 5049 15. 24

R A5 R B0 B XA Y 21,7 A, 8 6 B T
B4 A A 25 () 2 B IXRE L 9 22, 5 A, LI, R A
S X PRASE R B/ T T R Y MRS

ELEMENTS N
g
CMEG
(a) J DRI FRRLE
ELEMENTS W

(b) BB

Bl1 £S5 R 1A BR TR Y
Finite element models of the example

bladed disk

XL, 2 A S A O, — B B
DX s 93 b — Bl R AT W . A T R
TOURE 7 B 5 ) L BB AR =2 714 Haz.
4.1 BRBEXHFREER

26— Tl ) il it 3 P R T 3 1 YT L FE
¢ B 20 45 Bt DX Sl AT LA R Sk

F(p) = {sin(wt) 0 =+ 0}7 (19
B ol AT AR UL L ROR R

Fig. 1

1 .y sin(wt) T
P( = *N(D F(p = N {1 1}
(20)

P(o) W5 r DNICEX N T Fourier & Eh r A%



390 i = 3

% 26 &

RO . X BR 5 R AR R Y T SR 4 AR X
gl 2 s, TR 0T LLE Y, T Fp A 7 45
PP IHR AR B0, TR RN Y B R
3.0X10 "B AR 2R KA 1. 200, X
PRy B 67 A% 323 T 0, 8 SR ik A X R 22 15 43 B
AR /N IT 3 B

0.010
0.005+

I S

=0.005}

—o— LB
00108 = i

~0.015 . . . .
0 1 2 3 4
i) /107
(O CIERE
0.015
0.010F
gy 0.005k
i
=
= oF
~0.005F

-0.010 . . . .
0 1 2 3 4
i [a) 210
by A 22

Pl 2 B DXIh A i i 2 SR
Fig. 2 Response results under single

sector excitation

4.2 TEERMER

IR B 0 BIAT IO F(o 5 BIFEAE
AT 20, 2% B XA U R A R AL AR R,
BT PCo o RS — TR &, N 2T 2K
r= 0 X} R A9 7 A2, AN L RS 25 IR S T AR B
15 2 fai 1k.

F(p =
{sin(wt) sin(wt) sinCwt) } T (21)
Iy
P(D = @' F(1) —

{sinCwt) 0 =+ 0}T 22)

] 3108 T 8 R e A R A5 B B 45 2R A T
3 7R 5 U B GO [R] L R R A 5
S5 R AR — .

0.010
0.005 -

0l

e Jibf

=0.005

—e— JE P B

00108 g wipin

-0.015

0 i > 3 3
/10
(a) W i % B2

A2 10

B fi]/10-
(b FHAT R

&3 A D IRl 1 e i 4% 2R
Fig. 3 Response results under traveling

wave excitation

Xof T T PR BB R AR AR g A I ] 2D
AW HE CPU W 8] g 346 s, T J 1 %of Fk AL 284 45
AN 8] 257 24904 48 CPU WA N 44 s, H BB K
AL . KT 0 MR AT IS > T A s ) 4
H SR — A /IR 1 55 R 8 R 4, 7 3 T #E
CPU Hf[H AN 1s 45,

5 & i

A SCHR T A T A5 A S S5 R AR e
B RS e N 04 5 s, O 4 T o N A AR R
TR SR A ok AR 32 43 A PR T AR [ A A L S 1Y
73 [8] Fourier 43#7 1 75 F2 3K ff 1 J5 Ab 2845 JLAS
g, SO I — A B S 8 JLAT IR AR Y i 4 25 4
AIAVE R S UL T 7 2 B A R s TR R
S JR 390 %o o A A 38 1 i )7 5 SR 5 o AR A g 45



el

Wk SEAE < U B T I 28 2 A T 28 ) I K A o ) I 391

R —E A T SO R 175 B IR

ST SR T R 390 08 o A 28 BE 08 K Wi RE D
/NI SR AE R TH B IR L R A S T A A
7235 8] ] I BB R R o B3 A0 X T S0 Y
AT 23 AR A SR MRS R B LAl /s 20
ZAG TR R TR 8 A

e B WA 2, SO P AR B O ik H AT fE
T8 T R B SR X T R A R R R
PR3l 7 R AR B 22 00 B 2R I A 4
7 B — AP e % O vk s HURE SR T R
MR PEAT I

CESd &

C1]  ERbAL, AR A BR 5 I0 7L 7R TR 3 RN BUE J7 i (M. b
A AR AL . 1997,

[ 2] Thomas D L. Dynamics of rotationally periodic structures
[J]. International Journal for Numerical Methods in Engi-
neering.,1979,14(1) :81-102.

[ 3] Fricker A J,Potter S. Transient forced vibration of rota-
tionally periodic structures[ J]. International Journal for
Numerical Methods in Engineering.1981,17(7) :957-974.

[47] Williams F W. An algorithm for exact eigenvalue.calcula-
tions for rotationally periodic structures[ JJ-International
Journal for Numerical Methods_ ini” Engitreering, 1986+.23
(4):609-622.

[ 5] Omprakash V, Ramamurti V. Coupled natural frequencies
of rotating tuned.bladed disk systems[ J]. Journal of Sound
and Vibration,1990,140(3) :413-435.

[ 6] ZhangJ,Chen X J,Wang W L. Dynamic\analysis technique
of rotating centrifugal impeller/[ R ]J."ASME 91-GT-
50,1991.

[7]

[9]

[10]

[11]

[12]

[13]

[14]

SRR BRI, 0. H iR R IR AR LR (]
I 1 Iy 2 2441, 1992, 13(3) 1 225-234.

ZHANG Jin, CHEN Xiangjun, WANG Wenliang. Cyclo-
symmetric modal synthesis of rotationg bladed disc system
[J]. ACTA Mechanica Solida Sinica, 1992, 13 (3): 225-
234. (in Chinese)

Zhang J,Wang W L, Chen X J,et al. Dynamic analysis of
annular cascade structures[]J]. Chinese Journal of Aero-
nautics,1993,6(1):37-41. (in Chinese)

SRAER X BEF-. LR SRS A3 By e S Bl Ty kM.
Je 5 B Tl A, 2001,

Seeley C E, Dede M, Mignolet M. Analysis of cyclic sym-
metric structures with mistuned sectors[ R]. AIAA-2002-
1536,2002.

Petrov E P. A method for use of cyclic symmetry proper-
ties in analysis of nonlinear multiharmonic vibrations of
bladed disks [ J]. Journal of Turbomachinery, 2004, 126
(1):175-183.

Yang M T,Griffin ] H. A'reduced-order model of mistun-
ing using a subset'of nominal system\modes[]]. Journal of
Engineering for Gas, Turbines and Power,2001,123(4):
893-900.

Feiner D M, Griffin J] Hy A fundamental model of mistun-
ing-for a single family of ‘modes[ JJJ. Journal of Turboma-
chinery,2002,123(4) :597-605.

Balasubramanian P, Jagadeesh ] G,Suhas H K, et al. Some
studies—on free~vibration analysis of cyclic symmetric
structures using subspace method [J]. Engineering Com-
putations, 1993,10(3) :279-286.

Davis T A. Algorithm 832: UMFPACK V4. 3— An unsym-
metric-pattern multiftontal method [ J ]. ACM Trans.

Math. Softw. ,2004,30(2):196-199.



