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Diagram for beam-machine system
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[his dynamic system may be modeled by the damped oscillator.
mass of the beam will be neglected in companson with the large mass of the
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The force at the center of a simply supported beam necessary to deflect this point
one unit (i.e., the stiffness coefficient) is given by the formula

_48E/ 48x30x10° x128.4

k
A (144)°

=61920 Ib/in

The natural frequency of the system (neglecting the mass of the beam) is

k[ 61920
W ===
Ym  Y16,000/386

= 38.65 rad/sec,

The forced frequency is a"'i=3006;2‘-3l.4| rad/sec

and the frequency ratio r=3=—6=0.813



Eng. Suzan Haj Suliman

If u 15 the vertical displacement from the equilibrium position

of the non-rotating mass (m - m "), the displacement u, of the eccentric mass m’
My =U+e,sinw !
The equation of motion
(m—m')u+mu +cu+ku=0
Ysin@f+cu+ku=0  inwhich m'=W'/g is the eccentric mass.

2

(m—m'Yii +m' (1 —e,@

mu+cu+ku=me,® sin@t
This last equation is of the same form as the equation of motion
damped oscillator excited harmonically by a force of amplitude

FO - m.eoa-)z



Eng. Suzan Haj Suliman

F, =(40)(10)31.41)* /386 =1022 Ib

the amplitude of the steady-state resulting motion is then

. 1022/61.920
(1-0.8137) +(2x0.813x0.1)’

U =0.044 in
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O D=30¢m

o E;=20.1 Gpa
R=10.1 cm
Ry=12.3 cm

S TS E;=200.7 Gpa

6 m 2.5 m

I
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p - SE:l, 3x20.1x10° x39.76x10

. :%x0.154 =39.76x107 m

3 o e =3.75%x10° N/m'

k,=k,+k,=12.34X10° N/m"

“ 5
a)=1f—"=\/l"'34x10 =8.52rad/sec=T =0.737 sec
m 2000 x 8.5

@, = o\1-E* =8.35rad /sec= T, = 0.753scc
Ve(t)=0. 22¢ sin 2.6t

Fo=-m.j, = -2000X8.5X0.22X9.81=-36689.4 N

o 2.6

r=—=——=0.305 y, = —F—o =—0.0297 m
w 8.52 - | k
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A=0.05+(0.0297 x

B = (00297

1

sin ()

):>A 0.05m
1-0.305°
2.
: -) = B=0.0lm
1-0.305"

y(t)=0. ()5cos(8 52t)+0.01 sin(8.52t) -0.0327sin(2.6 t)

t(sec) 0.0737 | 0.1474 0.0011 0.2948
- y(t)m 0.05 0.0401 0.0128 -0.0237 -0.0572
t(sec) 0.3685 | 0.4422 0.5159 0.5896 0.6633 0.737
yOm  [-0.077 [-0.0762 | -0.057 |-0.0269 |0.0021 | 0.0192
Tr = - - =1.1026
l—=r= 1-0.305"°
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:&=20% 311
25r  2x0.2x0.305

1-r> 1-0.305°
tan f=2¢r=0.122= £ =0.1214rad

sin(0.1214 -0.1337)

tan @ = =0.1345=> 60 =0.1337 rad

A=0.05+0.0297 x = _ = 0.0496m
J(1-0.305%)% +(2x0.2x0.305)°
B=—(02x8.52x0.0496 +
8.35
0.0297 * 2.6¢0s(0.1214-0.1337) ) = 0.02023m

J(1-0.305%) +(2x0.2x0.305)’
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‘38l Aales Ja
y(t)=e"(Acosw,t+ Bsinw, .t)+ ysin(ar + ff - 6)

2 .
= =-0.0325m

Y= >
JA=r)? £ 21y
y(t) = ™" (0.0496 cos(8.35) + 0.02023sin(8.35¢)) — 0.0325sin(2.6¢ — 0.0123)

t(sec) |0 0.0753 0.1506 0.2259 0.03012
L y(t)m | 0.05 0.0398 0.0147 -0.0151 -0.0396

t (sec) | 0.3765 0.4518 0.5271 0.6024 0.6777 | 0.753
y()m | -0.0529 | -0.0539 -0.0458 -0.034 -0.023 | -0.0165

2 Viax= 0.0539m
o | 14QEN° 1+(2x0.2x0.305)
VA-r)’ +@28r)°  V(1-0305%)% +(2x0.2x0.305)

=1.10083
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Vimaxs=K ;. Yonax=8.6X10°X0.077=66220 N
Vomas=ks. Ymaex=3.75X10°X0.077=28875 N

Simax=2/3((0.123)*-(0.101)°)=0.00055 m’
B1=4.4 cm=0.044 m

_»S . 66220x0.00055
1 9.8x10™ x0.044
Somax=2/3(0.15)°=0.00225 m’
Bz=0.3m

_ V.5, 28875x0.00225
Lb, 39.76x107° x0.3

[

=8446428.6 N/m” = 8.45 Mpa

7,

=544674.3N /m* = 0.54 Mpa
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6 =20% s;1,. ©
Vimax=K 1. Vax=8.6X10°X0.0539=46354 N
Vomax=kz. Yax=3.75X10°X0.0539=20212.5 N
_ _ WSy _ 46354x0.00055
]

I 9.8x107° x0.044

L v,.,  20212.5x0.00225

Y Lb, 39.76x107° x 0.3

= 5912500 N /m* = 5.9 Mpa

=381272.007N/m* = 0.38 Mpa

il L33 o Gllalls T1 o Al o 223 € s o bl o i,

st 30% sy pataly T2
8.45-59

x 100 = 30%
8.45
0.54 -0.38

x100 = 29.6%
0.54
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M.y, N, _150650.5x0.123

= 150650 N.m
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odllall
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Homework No.(6)

The steel frame shown in Fig.3.7 supports a rotating machine that exerts a
horizontal force at the girder level F(r) = 200 sin 53¢ Ib. Assuming 5% of critical
damping, determine: (a) the steady-state amplitude of vibration and (b) the
maximum dynamic stress in the columns. Assume the girder 1s ngid.

‘ ®x2
x _35(2])-3x30x10 x2 XG92-2I36Ib/in




