53/58:153 Lecture 23 Fundamental of Vibration

Lecture 23: Finite element method: vibrations of trusses

Reading materials: Section 9.2

1. Plane truss element

Local element coordinates Global coordinates
d-‘l d 3
N
d>
dg

« In terms of local coordinates

H‘lréjf + k,o' dr =0

or
2 0 1 0y(di (10 -1 0\(d\ (
1|0 201 33+%0(}00d3:
sl o2 0fla| T|-10 1 oflds
010 2)y| 0o 0 0o ofldy) |

Assume that there is no distributed force.
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Degree of freedom

Nodal forces

Fx
Fyy
Fo
Fy

o In terms of global coordinates

di ( (s m; 0 0 Y/uy
d, —m; 0 0 ||

= s * = diﬁ‘ = Td
ds 0 0 & m ||

(;4 \ 0 0 _.”j_g ';‘-'5 i 1.’)

Xn—x

L

yYa—n

L

[ =cosf =

m, = SIinf =

where

L=+ (2 -x1?+ (v — 1)

o) Equations of motion

d=T d,
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m;fff+kfdf:l} — me.Ej+ker =0

TmTd+T k,Td =0
Finally,

méj+kd =0

where

m= TTmFT and k = TkaT

Or
¢ Lm Lm
E
m = Tfme =
Lm 0 Lm 0
6 3
Lm Lm
0 — 0 —
\, & 3
(12 mgls  —f7  —mgfs )
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<« Example

3
2.5
2 F(kN)
1.5
1 7
20
0.5
0 t
V3 V4 6 8
U3 1]/_'114 5 10 7
15 9
V1 Vo 2 4
iy 3 3
Element 1
i
1048 0 524 0 1, 52500. 0. —52500. 0.3 ™ 0
0 1048 0 524 | v, 0. 0. 0. 0. | v 0
+ =
524 0 1048 0 u, -52500. 0. 52500. O.f . 0
0 524 0 1048 )\ v, 0. 0. 0. 0) 0
\ Vs
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= = o o

1 [1.1] [1.2] [1.3] [1.4]
_ 2 ) [2.1] [2.2] [2.3] [2.4]
Element vectors contribute to 3 and matrices to 6.1 B.21 B.3] B.4]
4 [4.1] [4.2] [4.3] [4.4]
1048 0 3.24 0 00 0 0 00
0 10.48 0 324 0 0 0O 0O O O
524 0 110.48 0 0O o000 00
0 5.24 0 11048 0 0 0 0 0 0
0 0 0 0 00 0 0 00
0 0 0 0 00 0 0 00
0 0 0 0 00 0 000
0 ] 0 0 00 0 0 00
0 0 0 0 00 0 0 00
0 0 0 0 00 0 0 00
325000 0 -=52300. 0 0O O O O O Oy
o 0 0O 00 00 000
-52500. 0 52500, 0 O O O O O O
0 0 0O 00 00000
0 0 O 00 00000
0 0 O 00 00000
o 0 0O 00 00 000
0 0 O 00 00000
0 0 0O 00 00000
0 0 0O 00 00 00 0
Element 2
741048 0 370524 0 L 371231 371231 371231 371231 2
0 741048 0 370524 (| v 371231 371231 371231 -3T1231 "-2
370324 0 741048 0 s - —-37123.1 371231 371231 371231 - -
0 170524 0 TA41048 )| vs 371231 371231 -371231 3T1231 )
Vs
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3 [3.3]1 [3.4] [3.9]1 [3.10]
_ _ [4.3]1 [4.4 [4.9 [4.10]
Element vectors contribute to and matrices to
[0.3] [9.4] [9.9] [5.10]
10 [10.3] [10.4] [10.9] [10.10]
1048 0 3.4 0 00000 Qa
Qa 1048 0 524 00000 Qa
524 0 11789 0 O 0 0 0 370324 0
0 5 0 11789 0000 370524
Qa Q 0 0 00000 Qa
Qa Q 0 0 00000 Qa
] a 0 ] 00000 ]
0 0 0 0 0000 0
Qa Q 3.70524 0 00 00 741048 0
a a 0 370524 0 0 0 O O 741048
325000 0 -52500. g 0000 0 0
0 0 0 a 0000 ] 0
-52300. 0 896231 -371231 0 O O O 371231 371231
0 0 -371231 371231 0 0 O O 371231 -371231
a 0 0 g 0000 0 0
0 0 0 a 0000 ] 0
a 0 0 a 0000 0 0
a 0 0 a 0000 0 0
0 0 -371231 371231 0 0 O O 371231 -371231
0 0 371231 -371231 0 0 0 0 -371251 371231
Element 3
us |
58385 0 292925 0 Us 751319 373659 751319 375659 ° 0
0 58585 0 292925 || vs _375659 18783. 375659 —18783. | Vs 0
292925 0 58585 0 u, -75131.9 375659 751319 -37565.9 i “|o
0 292925 0 58585 V3 375659 -—18783. 375659 18783, __J 0
1-"3—,
9 [9.91 [9.10] [9.5] [9.6]
10 [10.9] [10.10] [10.5] [10.6]
Element vectors contribute to and matrices to ~ _ ~
[5.9] [5.10] [5.3] [5.6]
6 [6.9] [6.10] [6.5] [6.6]
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1048 0 524 0 0 0 00 0 0 )
0 1048 0 5.24 0 0 00 0 0
524 0 117.89 0 0 0 0 0 370524 0
0 524 0 117.89 0 0 00 0 3.70524
0 0 0 0 58585 0 0 0 292925 0
0 0 0 0 0 58585 0 0 O 292925
0 0 0 0 0 0 00 0 0
0 0 0 0 0 0 00 0 0
0 0 370524 0 292925 0 0 0 13269 0
0 0 0 370524 0 292925 0 0 O 13269
52500. 0 —52500. 0 0 0 00 0 0 )

0 0 0 0 0 0 00 0 0
—-52500. 0 896231 -37123.1 0 0 0 0 -371231 371231
0 0 -371231 371231 0 0 0 0 371231 -371231
0 0 0 0 751319 375659 0 0 -=751319 375659
0 0 0 0 —375659 18783. 0 0 375659 —18783.
0 0 0 0 0 0 00 0 0
0 0 0 0 0 0 00 0 0
0 0 -371231 371231 -751319 375659 0 0 112255 74689
0 0 371231 -371231 375659 —18783. 0 0 —74689. 55906.1
Element 4
P
786 0 393 0 m 0. 0. 0. 0.y 2 0
0 78 0 393w 0. 70000. 0. —-70000. || v; 0
393 0 786 0 uy N 0. 0. 0 0. ii4 - 0
0 393 0 786 )\ vy 0. =70000. 0. 70000 f 0
\ vy /
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3 [3.3] [3.4] [3.7] [3.8]
_ 4 ) [4.3] [4.4 [4.7] [4.8]
Element vectors contribute to and matrices to
7 [7.3] [7.4] [7.7] [7.%8]
8 [8.3] [8.4] [8.7] [8. 8]
Element 5
741048 0 370524 0 Ty 371231 371231 371231 -3T71231 e
0 741048 0 370524 (| W1 371231 371231 -371231 -3T1231 | W
370524 0 TA41048 0O T —371231 -371231 371231 371231 .
0 370524 0O T41048 )| w5 —-371231 -=-371231 371231 371231 __-
".'-_:
1 [1.1] [1.2] [1.9] [1.10]
2 [2.11 [2.2] [2.9] [2.10]
Element vectors contribute to and matrices to
9.1 [9.2] [9.9] [9.10]
10 [10, 1] [10,2] [10,9] [10, 10]
Element 6
5B385 0 202025 0 g 751319 375659 751319 3756859 )
i] 58585 0 292925 | ws 375659 18783, 375650 _—187831 V3
282925 0 58585 0 uy N —T75l3l9 375659 751319 ITses9 | .
i] 292935 0 5.8585 A vy  —375659 -18783. 375659 18783, 4
vy
0 [9.9] [9.10] [9.7] [9.8]
10 [10,9] [10,10] [10,7] [l0O,8]
Element vectors contribute to and matrices to
[7.91 [7.10] [7.7] [7.%]
[6.9] [8.10] [8.7] [8.%8]

[ T e TR e T e ]

(=T =T = =]
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Boundary conditions

Node dof Value
o
T
4 ‘fj g

Remowve {1. 2, 3. 6. 7, 8} rows and columns.

Equations of motion

u
12575 0 370524 0 __2 806231 -37123.1 -37123.1 371231y ™2 10000.
0 12575 0 370524 || V2 -371231 107123. 371231 -371231 || ™2 173205
3.70524 0 26.538 0 ,_15 T | 371231 371231 224510 0 us | = 0
0 370524 0 26.538 371231 -371231 0 111812 Vs 0
V3
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2. Space truss element

Local element coordinates Global coordinates
dg w w2
1 ‘}'1.2
d. 7
%3 % d 4 z Ri J\U]
3 I|I }" 13

3 ]
Lm Lm
0 5 0 0 - 0
Lm Lm
0 0 = 0 0 -
My =
Lm Lm
=0 0 T 0 0
Lm Lm
0 — 0 0 = 0
Lm Lm
o o F o o
f EA EA 3
oo o0 -F 0 o0
0 0 0 0 0 0
. 0 0 0 0 0 0
71 Ea EA
-= 00 = 00
0 0 0 0 0 0
L0 00 0 0 0

-10 -
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(dyy (6, m; ng 0 0 0)Y), 1y )
d fc my n, 0 0 0 V1
0 0

ek (. My N, 0 [ wy
= i 1 d,l“ = Td
d4 0O 0 0 ¢ m: ngl| 2
ds 0O 0 0 ¢ m n || "
\dg) \O0 0 0 ¢ m, n.)J\"W2)
md+kd =0
t F;: m.; r.; ”5 r.; _lF:T: —??’i'; f._; _”; F; 1|
A Hf Mty —H Ao —mj —Mi; M
EA| n,f, i Mg H_% —nzf;  —mgn; —ﬁ'j
k=TkT =—| :
L - —m fs  —nfs £ ms s s s
—ig s —mf —mipry Mo mf Pz Hig
\ —ns ;. —mpng —Hﬁ Mg s P Fg 315 J
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