53/58:153 Lecture 25 Fundamental of Vibration

Lecture 25: Large scale systems

Reading materials: 10.1 and 10.2

1. Guyan Reduction

<L) Finite element discretization results in a large dynamic system. Therefore,
computation is intensive.

<L) One approach is reducing the size of the eigenvalue problem that must be
solved to compute the mode shapes and frequencies.

<L) Generalized eigenvalue problem
k¢g=Amd¢

o In the reduction process, choosing an appropriate set of DOFs that are to be
retained. Those DOFs are called master DOFs while the ones eliminated are called
slave DOFs.

Relationship between the total DOFs (#n) and the master DOFs (#m)s
¢=2ZY
Z7kZy=PZ"mzZy — ky=d*my

< Static equilibrium equations

kp=r = (im: im][ﬁ:(g]

kW + k. =0 = Y =~k kant
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<& Example 1
8 -2 0 0 0 0 0 0
-2 12 -3 0 2 0 0
k: N m =
0 -3 16 -4 0O 0 0 0
0 0 -4 4 0 0 0 1
Master dof = {2.4}: Slave dof= {I. 3}
L [12 0]_ . [—;1 —3]_
=olo a) = Lo -4)
P [—2 IJJ f [B ﬂ']
ol -3 -4 ) =710 16
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20 0 0
/7 — =[E| : ] My z[ﬂ 0 ]
0 0 0 0
Moy = [ 0 o ]; Mo = [ 0 0o ]
1 -2 0
N R L BT
0 6 4

Z matrix with the order of dof as {2. 4. 1. 3}

F 1 0
0 1

Z=| 1
1 0
31
kﬁ '_1)

In the standard order of dof {1. 2, 3. 4}

k'

1
i 0
1 0
Z=| 3
16 4
L0 1
Reduced matrices
175 3
- 16 4
k= 3 _ [1 U]
i =
-1 2 0 1
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1; = 2.8909: ¥, = {0.143955_ 0.989584)

1y = 5.57785: ¥, = {0.960187. —0.279357}

For original problem

Ay = 2.8909; @, =Zy, ={00359887. 0.143955. 0.274388, 0.989584}
Ay = 3.57785; @, =Zy, =1{0240047, 0.960187. 0.110196. —0.279357}
Frequency (rad/s) Frequency (Hz) Mode shape
| 1.70026 0.270605 0.0359887 0.143955 0274388 0.989384
2 236175 0.375884 0.240047 0960187 0.110196 -0.279357

2. Inverse iteration

o An iterative method to compute frequencies and modes shapes for multi-degree
freedom systems.

kK —w’m|¢p=0
Rearrange

¢ =w’ K me=w>De¢
Dynamic matrix

D=k'm
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Zit1 =D
:'af+1 . .
Zisij= —. i=0.1. ...
|' _T -
\. Zisl S+l
. 2Ty . Te_  2.TD= 3 _ iz
I=w D] — Fr=wgbD; — m—:ID:
< Example 2
137.78 —111.88 0
k=] —11188 286.7 —174 82
0 —174 .82 174 82
003823 0 0
m=|0 004658 0
0 0 0.03494
0.03861 0.03861 0.03861
Ir_l =| 0.03861 0.0475482 0.0475482
003861 00475482 00532684
0.00224826 0.00179846 0.00134903
D= k"lm =1 000224826 0.00221479 0.00166133
000224826 0.00221479 0.0018612
1. 000339573 I 0.52256
1. 000632425 0.612482
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0.52256 0.00306782 T 0.519526
zp = 0.593126 | 1y =Dz, =| 0.00350604 | 7 = 5/Sart[z 5] = | 0.593737
0.612482 0.00362845 0.614467
0.519526 0.00306478 T 0.519359
zp =| 0.593737 |; z3 =Dz, = 0.00350387 | 23 = z3/Sart[z3 23] = | 0.593767
0.614467 0.00362668 0.614579
0.519359 0.00306461 I 0.519349
z3 =| 0.593767 | zy =Dz3 =] 0.00350375 | 2y = z4/Sari[zyz4] = | 0.593769
0.614579 0.00362658 0.614585

wq = 13.018 rad/s: ;ﬁ;r = {0.319349_ 0.593769_. 0.614385}

Frequency (rad/s) Frequency (Hz) Mode shape

1 13.018

207187

0.519349 0.593769 0.614585



