MCHE 485: Mechanical Vibrations
Spring 2019 — Homework 2

Assigned: Thursday, February 7th
Due: Friday, February 15th, 5pm

Assignment: From “Principles of Vibration” by Benson Tongue, problems:
1.70, 1.88, 2.9, 2.24, 2.32, 2.34, 2.42, 2.51, 2.60

Submission: Emailed single pdf document:
e to joshua.vaughan@louisiana.edu
e with subject line and filename ULID-MCHE485-HW2, where ULID is
your ULID
e Note: Submissions with incorrect filenames or submitted as multiple

images/pdfs will be rejected.



Problem 1.70

1.70. Find the equilibrium position for the system illustrated in Figure P1.70 and compute the natural frequency F &D
of oscillations about this equilibrium position. m; = 1 kg, /; = 1.2 m, l; = .1 m, kK = 6000 N/m. — -
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Figure P1.70
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Problem 1.88

1.88. Determine the period of oscillation for the system illustrated in Figure P1.88. (Consider small oscillations, F@
about = 0)m; = 1 kg, my = S5kg,/y = 2.4 m, [ = 4m. [}
0
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Figure P1.88
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Problem 2.9
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Figure P2.8

2.9. The spring-mass system shown in Figure P2.8 experiences a 2 mm in-phase oscillation when the
base is oscillating at 300 rad/s with an amplitude of 1.1 mm. What is the static deflection of the
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This problem gives us a relationship between the input and output amplitude

and phase. The transfer function expresses that as well, so we'll use it to
determine the parameters we need.

We also know that at static displacement, the system is at equilibrium. The
spring force and gravity are balancing.
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Problem 2.24

2.24. Given the displacement input y(t) = ycos(wt), determine the equation of motion for the system
illustrated in Figure P2.24 (neglect gravity). What is the natural frequency for the system?

ky

hy
1 3 AL
ky
Figure P2.24
y
A

ko 0
:
[ C
|
|
:
o
|

F»lt‘-—°
k ‘
1 f’\bsw* gl B, o< E\)\ \Q\ jls'm@
\Wé- \Qx,sm@
C
UM Moy Goak oger O
B " > PQNY '\TD= QK\Q{ - xﬁ@se\)
— — _ mg T o~ .
IQD( = ZN\Q I()' W\yl D(‘@K \JE\([\XN & Iy O:""Q(

“‘\\ f =\ 03‘\1[\1\@{\)( W n‘\

N ( = :\\ [ — r_
E_N\O = ;\(5\>\f0 X-;S\,P\_/ x \(“{Q" R—SJ * t\(s‘?ak X F$g L/j
V et ) =\ ( N "\—\ rf _ -\ f . __'\\
N L\-Q@\“@I - s 03)* \’k(\ llS\r\@I)J % t@ﬂ@g@l » B3 ) x QL - Q,@ms@}ﬁj
Y‘f 5 = [ ‘ :’1
* L‘QD. NOSH +Qco§63>w glhsios Qu

( 3
[\@ACGSQS'“Q ¥ o | CJQCQS@‘ \ - Xafzcos%/‘( - 9;\ asBanl K

nn
9
VMR \Wl qﬁﬁl J(’BsusmO - C%@C@S@ + Cyg\fCQS\) e — Nodinge Eq«xﬁm o adion



Problem 2.24 (cont.)
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Problem 2.32

2.32. Derive the equations of motion for the system shown in Figure P2.32 for a displacement input given by
y(t) = ycos(wt) (neglect gravity).
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Problem 2.32 (cont.)
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Problem 2.32 (cont.)
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Problem 2.34

2.34. In Figure P2.34, does the force transmitted to the floor reach a maximum as w is increased or
does it increase indefinitely? At high » what is more important to the transmitted force, k or c?
(x = xg sin(wt).)
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Problem 2.42

2.42. Consider the pendular system illustrated in Figure P2.42 (lumped mass m on (?TC end of a rigid rod of Wo < A '\'\NS
length 7). A small motor at O produces a sinusoidally varying torque (M = M sin(w)) that acts on the SM0 00 1n 602
pendulum. Find the transfer function from input torque to response angle 6(1). Linearize your system & —\\g (\a _C'\

1S

equations about 6 = 0.
\echuces.

Figure P2.42
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Problem 2.51

2.51. Find the complex transfer function between the velocity input y and the displacement output x for the
system illustrated in Figure P2.51.

—_—X 2 -
m —Z
Figure P2.51

LS
| . I_agb = by = (%)
. . , . .
VX HCK T CY =D XXX 2 Ay

Assura \{Gr\i?ledmL ond x[) SE
Mo b Pie qattind of mehan
[ Gedyie s R
C

L
TN
EESIREEANS

1 <)



Problem 2.60

2.60. Assume that a seismically excited system is accurately modeled by as shown in Figure P2.1. You
need to determine whether the weld connecting the spring to the mass will hold. The maximum X
stress that the weld can withstand is 1.0 x 10®N/m2. The mass is 10 kg and the spring constant n
is 4000 N/m. The damping constant is 40 N-s/m. Is it reasonable to allow the excitation frequency i
to reach 10 rad/s? The attachment area of the spring is | mm x 1 mm and the base amplitude
is 1 mm. l
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