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AM 8a M. A;
max | A; = A; [<<e i =1 n 22
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3
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1
Table 1  The first six frequencies and their modes
frequency mode
1 11.6172 0.521 1.1025 1.5773 -0.0477 -0.0218 1.5773
2 38.1404 1.231 0.8424 —1.3649 0.0317 0.1211 - 1.3649
3 83.9291 0.940 - 1.759%4 —0.0003 1.4855 —2.2311 0.0003
4 119.7012 1.381 —0.4426 = 0.0002 2.3266 2.3249 0.0002
5 131.4957 2.302 —2.3053 1.1039 0.5816 - 0.5032 1.1039
6 174.0854 1.267 1.0939 0.0008 - 0.1696 - 1.0925 - 0.0008
n=m = 8 4
2 IRS ¢
error = W X 100 % 23
) ke X ¢
x 10* N m. 2 i
3
3~14
Hz
3. IRS
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n < m Table 5 The frequencies of modified structure Hz

5. Frequencies
n =23 11.617 38.140 83.929 134.624176.0700 5586.79
n =4 11.617 38.140 83.929 119.701 179.255 5578.526
n =25 11.617 38.140 83.929 119.701 131.496 5542.07
Exact 11.617 38.140 83.929 119.701 131.496 174.085

2

Table 2 Modified results of mass and stiffness matrices

Location Reduced - Madified‘
Mass Stiffness Mass Stiffness
11 0.1739 3.5320 0.2384 5.3648 4
12 0.1011 -2.1671 0.0631 - 3.9138
13 -0.0229 0.5450 —270.125 — 3.0468"
14 - 0.0001 - 1.8951 —-0.1934¢ - 7.1377
15 - 0.0275 0.5845 0.0151 2.0617 .
16 0.0169 —0.1701  270.0957 3.0476" IRS
22 0.1706 3.0633 0.2204 4.5508
23 -0.0016 —1.1209 —238.7120 1.3766" 1.
2 4 0.0061 1.7812 0.0606 6.2223 2. 3.
25 -0.0197 -0.9749 —-0.0782 —2.3167 4.
26 0.0183 —0.1731 238.7540 —1.3783"
33 0.0900 4.2606" 8.7642" 4.96276" *
34 0.0004 —0.1641 219.2121 15.0151"
35 0.0165 0.8575 76.0063 — 2.7463"
36 0.0209 —4.2600" —8.7644" —4.9627" "
4 4 0.0859 6.7790 0.3697 18.4801
45 - 0.0076 0.0759 - 0.0751 - 3.1953
46 0.0112  —0.2420 —219.1773 — 15.0166" 1 Guyan RJ. Reduction of stiffness and mass matrices. AIAA
55 0.0971 4.6036 0.1249 4.7639 Journal 1965 3 2 380~380
56 -0.0170 - 0.3165 —76.0143  2.7472° 2 Kim KO Choi Y]J.Energy Method for Selection of Degrees
66 01020  4.2602° 8.7645° 4.9627 of Freedom in Condensation. AIAA Journal 2000 38 7
Note The unit of * corresponding to stiffenss is X 10’ N m the
unit of * * corresponding to stiffness is X 10" N m the unit of * 1253~1259
corresponding to mass is X 10° kg. 3 Qu ZQ Fu ZF. New structural dynamic condensation
3 method for finite element models. AIAA Journal 1998 36
7 1320~1324

Table 3  The frequencies of modified structure

4 Suarez LE Singh MP. Dynamic condensation method for

Frequencies

Reduced  11.655 39.848 92.074 128.562 168.417 5731.223 structural eigenvalue analysis. AIAA Journal 1998 30
Paper 6 11.391 38.116 83.897 119.744 131.519 174.184 4 1046—1054
Paper 8 11.617 38.143 84.853 119.723 132.213 182.145 5 Friswell MI Garvey SD Penny JET. Model reduction us-

proposed 11.617 38.140 83.929 119.701 131.496 174.085
Exact  11.617 38.140 83.929 119.701 131.496 174.085

ing dynamic and iterated IRS techniques. Jouwrnal of
Sound and Vibration 1995 186 2 311~323
6 Friswell MI Garvey SD Penny JET. The convergence of

4 the iterated IRS method. Journal of Sound and Vibra-
Table 4 Mode errors tion 1998 211 1 123—132
Mode errors % 7 Lin RM Xia Y. Improvement on the iterated IRS method
Mode 1 2 3 4 5 6

for structural eigensolutions. Journal of Sound and Vibra-

Reduced 0.14 8.01 27.0 18.9 91.2 421.5 ) 2004 270 3 5

Paper 6 0.43  0.39  0.07 0.12 3.72 128.2 tion 2004 270 713727

Paper 8 0.12 0.33 0.21 0.07 2.63 28.7 8 Lin RM Xia Y. A New ElgCl’lSOlUthl’l Of Structures via Dy—
Proposed ~ 0.00 0.00 0.00 0.00 0.00 0.00 namic Condensation. Jouwrnal of Sound and Vibration

2003 266 93—~106
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9 . algorithm to modify Calculating Model using experimental
2001 14 2 245~248 Zhou modes data. Journal of Vibration Engineering 2001 14
Xingde Wang Fengquan Chen daozheng. A straightened 2 245~248 in Chinese

A NEW DYNAMIC CONDENSATION METHOD USING FINITE
ELEMENT APPROACH TO CALCULATE EIGENVALUE PROBLEM *

Zhou Xingde! Liu Zhijun®
1. Department of Engineering Mechanics Hohai University Nanjing 210098 China

2. Institute of Vibration Engineering Nanjing University of Aeronautics and Astronautics Nanjing 210016 China

Abstract Finite element method is an usual model-built method in which the reduction transaction is neces-
sary for the acquired model as it has a larger degrees of freedom d.o.f. and generally speaking the first sev-
eral eigenvalues and eigenvectors can be accurately gained. In the paper a new dynamic condensation method
is presented based on the eigenvalues and master-mode-part the parts corresponding to master d. o. {. in
eigenvectors and the reduction model obtained by Guyan reduction can be updated by aid of an iterative
method the eigenvalues and master-mode-part. Compared with congeneric other methods the presented
method has a higher calculation precision smaller calculation efforts and better calculation stability. In the

last an example is given to show the effectiveness of the presented algorithms.

Key words model reduction dynamic condensation master-mode-part iteration finite element
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