24 10 Vol.24 No.10
2007 10 Oct. 2007 ENGINEERING MECHANICS 25

:1000-4750(2007)10-0025-05

(1. 100080; 2. 100027)

TU318 A

A MODEL REDUCTION METHOD FOR DYNAMIC ANALYSIS BASED ON
QUASI-RIGID-BODY MODE AND FLEXIBILITY MODIFICATION

“LIU Bin', DING Hua®, SHI Zhong-min?
(1. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China;

2. Research Center, China National Offshore Oil Corp., Beijing 100027, China)

Abstract: A new model reduction method for dynamic analysis of complex structures based on
Quasi-Rigid-Body Mode and Flexibility Modification is presented. The complex structures can be divided into
several displacement synchronous parts by analyzing the finite element models based on the synchronistic
assumption. Every synchronous part can be substituted by a quasi-rigid-body mode that is considered the
extremum of the synchronous assumption, with which the full-size models can be reduced. According to the error
analysis of the reduction process, the reduction model is updated by optimizing the transformation matrix based
on flexibility modification and an accurate reduction model is obtained. As an example, an offshore jacket
platform is presented to show the efficiency of the proposed method. And the result of the reduction model
satisfies the precision requirement.

Key words: model reduction; synchronism; model modification; quasi-rigid-body mode; error analysis

[

1)
[23]
2006-03-16 2006-05-18
* (1978) (E-mail: liubinliubin@yeah.net)
(1960) (E-mail: hding@imech.ac.cn)

(1955) (E-mail: shizhm@cnooc.com.cn).



26

4 Kyhar [
2)

3)

Guyan-Irons
71 [8]

[11,12]

[9,10] a.
b.
1

Guyan
i

u; = Ryq
ix 1 00 O Zs
Uy ¢ = 0 1 0 -z 0
u|z O O 1 yci XCI

u; |

R 6

Xci ’ yci ' Zci

0x

a,
Uox
Qoy
Q.

1)



27

m
U, =Ty, @
u,
U =1 r
urm
er
T.=| : r
er
p
u,] [1 (&
U={U,!= T, 49 (=TQ (3)
Upsl | T, |49,
U 3nxl n
T 3nx6p 0 6pxl
e=U-0=TQ-9 (4)
2]
o=\ k
2
3nx1
E=¢"¢=(TQ-®)" (TQ-®)
E _r7(1Q-@)=0
ai
AQ=B )
A=T'T B=T'o®
(5)
U (MAC)™  MAC(K) =
U, o[

UlU, x®]®,
MAC(K) 1

(4)

2
©) 6
21
) T ©)
MU+CU+KU=F
MRQ+CRQ+KRQ=FR (6)
M, C, K
M, =T'MT C,=T'CT
K, =TTKT
F,=T'F
Ritz
2.2
[14]
M
K



28

1
764 4584
10
2
6
60
1) ®) T
20
MAC 1
2.3
2.2
T
(©)
U=TQ+0o(Q) )
o(0)
o(Q)
(6)
KRQ = I:R 1 2
Fig.1 The finite element Fig.2 The schematic
F=(TYF =(TTT)YTY F. = model of an offshore figure of the
(M) Fe =((T'T) ) (8) jacket platform reduced model
(M) T KQ
1 (MAC)
~ F _ Table 1 The results of MAC
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1 2 3 4 5
B MAC 1.000 1.000 0.998 1.000 0.984
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2 Hz
Table 2 Natural frequency results of the finite element
model and the reduced model Hz
1 2 3 4 5

3.98 4.60 6.13 18.06 19.62
4.38 5.12 7.49 20.32 22.60
3.98 4.60 6.13 18.07 19.63

19.85 31.95 32,52 32.94 35.57
23.72 35.35 36.41 36.64 40.2
19.87 32.38 32.98 33.556 35.788

IHz

R e e e s

3
Fig.3 The contrast for the natural frequency results
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