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Reduced order method of blade rubbing system based on

proper orthogonal decomposition

WEI Daitong, CHEN Xing, CHEN Yugang, LI Hongkun

(School of Mechanical Engineering,
Dalian University of Technology, Dalian Liaoning 116024, China)

Abstract: In view of the problem of blade rubbing response, a proper orthogonal decompo-
sition method was proposed to reduce the dynamic order of the system. The projection space was
generated by the proper orthogonal decomposition of the snapshot matrix, the system dynamic
equation was projected into the subspace for model reduction, and the rubbing response was
solved in combination with the numerical integration method. Based on the reduced order model,
the blade rub impact response under different speed and penetration parameters was analyzed and
compared with the full order model. The results showed that the time-domain response deviation
of the reduced order model was less than 5%, and the computational efficiency of the reduced or-
der model was improved by 98.4%. The robustness of the reduced order model was verified by
changing the blade speed and penetration. With the increase of rotational speed and penetration,
it was found that the energy of the proper orthogonal modes transferred between the lower order
and the higher order, and presented different transfer laws. There was a certain relationship be-

tween the modal energy transfer caused by the rotational speed and the natural frequency of the
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structure. The method and conclusion can provide a basis for blade rub impact analysis and fault

diagnosis.

Key words: reduced order model; blade rubbing; proper orthogonal decomposition;

rubbing response; modal energy

it 25 K S HLE 7 AE is A7 i B8 b i R A2
LR e IR AR PR B S K s L
B 2R A 2 Tt 38 2 SR BRI /)N I Tt ) it 25 4 i
[ S N L A B I B e = N A2
F B XS v ML AR T i A B 51 R i R -HL IR Al
JEE i s, S B RSz AR IE R Y b g e e
7 9% 5 S8 a0 E I A R

B X6 I AL IR LG EE R TR) R N Ah S
HEAT TN T IZ BB SE o TR Rl EE B E Bl 0 o
BEJ7 I, S5 | Prabith 88 51 X5 € 5% ML 9 i F -
BLI Rl E 3y 7 2% 455 A0 S A oG ik 3 i 5% R 47 T 25
R FE A I o AT A S A 3 A g M Al AR A
R BE T4 ok e 1) Al R AR K i O ARk )
ilf B8 A TR LA % 2 B R ) Al R S TR 4 L O R 4
BT T AS 7] il 8 A5 780 1) I 5k A B 3 R MR Y. Wang
SEPE T — o R -IL I i EE AR TR G2 A T B A5 AT
S PR ARG FEE S 4 T Al RE ) U, BE T UL AR AL A AT T
01 4y 1] B Rl B ) 52 e, O 2R AT TR OG5 5
TES o 8 A5 1 2 TRE 5 A0 % JBE 4 A RIO ) ik
fill I, @57 T 3 F Hertz 32 il B8 09 0t A -HLIF 6l
JEEREIRY, I 43 B 1 AL I A2 o] lf FEE AR T 8 9 5 o P
R W IR A T O Rl EE R R Y A AR T
— T lf RE AR R | BE A2 43 A it B H B - T[] 6
Tl B 73 B 52 e, O BE 6% BT ER 0 L 2 R RiE EE TR
IR (N R INGIR Y - AR L SR X
T, AR A6 K 1 B A AR AT T 38N TR A1 43 B
SRS T e e Tk - ML 6 EE A AR rpoe
R B i [ 4 A AR AR S AN [ G R 2 O il R R
Bl R S R . SRR LR S M T B R AR
Mt 25 A S AL R Y Rl R sk R A 5 e S e RSOE
595 A 455 0 7 B gE 1 A A
ORI il R e ) s e R O A S Rl EE
ELA R 0 Bk o AR, Agrapart S5 7E % R -
BURE A RO A LAl L, >R FHEE RS 0 7 ik i A7
T R I R EE RIS A BT TR A A R ik
O I R il FEE e L (A S T Ding S5 #ESE TR
F-HLI Rl R 5% 1 R GE B ) R R T R
S5 55 i AL G R R R RRAE O 3 A R
I B AT TR B R AR DS B o 2L S

5T B i 7R R S 8O R S8 ) fE R
M Kammer 45 &% i -#L I Al € () B850, F 5%
THMZHO R R EER RS T 45
SRS R Rl 0 f T 26 A U Xiao S LT
A IRTTF BRI, b 7 &2 &6k 7 AL I il
JEE o A vh i i g R g IRl JF RS T AT S AR TR 2
{14 BRI % i R 41 2l o B fY R i, Yang 4
WEFE T LV D IR % 75 A V- 1 -4 20 -l B2 5 il
B 2 AL AR G v B R Sl 4R 1), 43 A 1 AN T
e S R W 45 B IR i o T 0 A D B Ak SR )
o B XT AR Y A3 00 dh T B R B9 i 5 - TG FEE e
PEAT T AR FE 0 Y u S5 T X6 B Rl B R SR L
JEE ) R0, 42 T SR FHAE 28 8 AR G R B A Ok A0
A 480 Xl W 7 2R AT 3 AT 9 Y. Zeng A5 LA BR
MR- PEBLIE S WFFE RTG53 2R 138 £ 7 4% 29
H 3fe 12 F1 511 pRBR vk 45 5 B AL RS B 2 R 23 BT T i
U 5 JEE 8 DR 500 Tl JBE ) N7 1) % i), Zhang 45 #F
8T & B AR LR 2 0 R -HLIE A EE RS B
SORFVE L 3 BT T S ) A6 (8] B 6T Al R T e R G
A% 20 Wi L ) 5 i B A

i 2k DL B 5T AT DL AR XS R - A
JEE W W AL A 5 T S AR v T R R AR K B )
SR VR 9 D5 T AEL R T R Al R [ Ry B Al 4R
PR IR) R, JF HLM R 6lf JBE 2R 48 3l ) 2 1 B BB B Dy
4R B ) R, e R R R b & R
BRWIFERA . B, B 5E it 7 ilf B R 52 8 )
SRR RE R 7 vE B R R L,

By 3 2 5 AU T B ) AF 9 3 A T T« AR
25 B O R B S AR, ARAE IE 28 43 i (proper
orthogonal decomposition, POD ) J&— F 0] i 1 F
AN RAE LSS 1 o0 A O v, W T etk MR
2 R AR Y A R, 32 s A JLAR )T
T Bl ) 2 B 5 S, AHL I TR 454 ) ) 2 Sk
AN T WEFE ATz o A IR A5 T BB -1 5%
IR 3 A 1 R B T R B ) 2R
P, 3 % F Karhunnen-Loeve } ¥ X 3 11 & 4t F
17 BB, Ritto % 4 #f T A AE IE 58 41 i
(POD) TE 4 2y i [] #UBH 5% 7 T 1 T 1% 7 gk
P T — T POD MBI Y J5 vk JEN A T



544

BRAR IR 45 « 5 T AL IE 32 53 fff 1) R L E AR GE R B Uy 15 713

3T POD JE B 4277, M IR IE Tl KA %
2235 % T POD 28 [ [ J7 i Al T 8 TR A
WEFE 5 B, T 0 55 0 B A 2 ar Kl PR R 1Y %2
A T R HEAT TREBY 4081, B 0E T M &
G55 5 R G5 B M) 0 sh J7 e e, B v S
FE T B35 POD J7 ik W B A 3 JAE A 2l il i S 22 Fil
WAL G LA T 2 A W REAEL S )
FRFPEIEAT T AT SE S5 R AR B POD J7 X T
02 J 5 K [ B L B AT I B B AR, Azees
S5 AN AR T 28 43 i J7 5 A Al 43 ok [R) R 9 7
T T 3R A BB ST, LB R M B o
WX B, HE T AR 1E 38 43 fifk 0 A5 L [ B v 4y
BT T AE 2P BB A& A 20
A SCAE VAR W 58 09 JE il -, & X it R J) 38 Al
JEE W 107 7] @1, SR AR I 1E 8 43 i (POD) J7 ¥k A7
Bl Jy 2E RS [ B, O R e =X B (E RR O 1 X
W I 04 3h g 2% 7 BEREAT SR A, AR ICT W Rl E e
INE, 5% e B R TR ) - e P R S i 1) A% i PIL
HHEAT T 5 Bk 5x o
1 R R Al S f1 500 &
1.1 MREIERZEHNFFRE
TiE & I - 25 ) 1 28 g 2 5 R T DL R R
Mi+(C+Glut+(K+S—K)u=F (1)
AP M R R R, C B, G &k
BHIC T M, K A B A 45 0 NI 46 [, S SR g 7 M
FERE B K e 5% AL B s u IS R s F R
fill BE 4 A F o, 5 B80T F 2 M. BEHLBE C
o N i A BHJE JE 2, B
C=a,M+pK (2)
Horba, By 53 51k 5 FI BELJE 2240
4 C,=C+ G.K, =K+ S — K, W Jig # nt
By 3l g5 07 B AT LA A6k
Mii+ Cyu+ Kiju=F (3)
e AT i g5 Ry i BT 32 B A e R
Jil T A2 Sk 22 18 U ok 3h R g 2 A
F..=F,+ F,sin(kwt)+ F, sin (2kwt )+ --- +
F,sin(hkwt) (h=1,2,--+) (4)
Hh Fo R, F ) R i e o3 5 @48, & o e % i R
- I s 50 w0 S I R
hy (A S B BT, AR SCA LS — S 1 I 0
HAEM Tt R, W€ BERE R AT A=
104 S # i, F,=243.9N/m?, W A F,, =
243.9 sin (10wt ).

1.2 [FERAlEEAE B K 6l BE J1 4 17

A2 R AN BT R 9 I R SR S Rl R A AR
I 2% &ML I % 51 35k I, ML IR 428 1) M BE S e, 24 il
JEE Sz A i AR AR 1) AR T

Pn
cT— 5 5
U= (5)
s Y1
WE MRBuE
{hac s
\ A E
p
F k
0, n o
YON/ 2\ AAALAA E;
R, ON&, VYT Ex
uc <

1y il B 7w =
Fig.1 Schematic diagram of blade rubbing
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Fig.2 Schematic diagram of pulse force
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