MCHE 485: Mechanical Vibrations
Spring 2019 — Homework 4

Assigned: Thursday, March 28th
Due: This assignment is not collected.
Solutions will be posted on Monday, April 1st

Assignment: From “Principles of Vibration” by Benson Tongue, write the equations of
motion for the following problems as a system of first-order differential
equations. Then, write each State-space form. If the equations are
nonlinear, linearize them first:

2.39, 2.40, 2.57, 4.8

From “Principles of Vibration” by Benson Tongue, for the problems below,
set up the problem up to the point of needing to actually solve the
eigenvalue problem.

4.1,4.2,4.9,4.12, 4.13

Submission: No submission required. This assignment will not be collected.



Problem 2.39

2.39. Find the transfer function of support excitation y to response angle 6 for the pendular system shown in
Figure P2.38. Make sure to linearize your equations. The pendulum is of length / and the freely pivoted

upper end of the pendulum is moved horizontally according to

y(t) = asin(wt)
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Problem 2.39 (cont.)
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Problem 2.40

2.40. Find the transfer function between the displacement input y and the displacement output x for the system
shown in Figure P2.40. y = y sin(wt). The rigid bar pivots freely at O.
-

l

, , The problem specifies y(t),
%bo . 1»( suggesting that we can control it

exactly. This allows us to ignore
%k. ikz this spring and any inertial effects
Y A of the bar. y(t) just becomes an
Figure P2.40 input to the top of k1 via the bar.
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Problem 2.40 (cont.)
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Problem 2.57

2.57. Find the velocity x response for the system illustrated in Figure P2.57. y = .01 sin(100¢), k = 8000 N/m,

¢y =4 N-s/m, c; =2 N-s/m,m = .25 kg.
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Problem 2.57 (cont.)
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Problem 4.1

4.1. Find the two natural frequencies and their associated eigenvectors for the system illustrated in Figure P4.1.
my=1x 1073 kg, ma = 10 x 1073 kg, k; =3 x 10> N/m, k; = 3 x 10° N/m.
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_Problem 4.1 (cont.)
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Problem 4.2

4.2. Find the three natural frequencies and their associated eigenvectors for the system illustrated in

Figure P4.2. m; = 5kg, my = Skg my = 02kg, ki = 1 x 10> N/m, k2 = 1.5 x 10°> N/m,
k3 = .2 x 10 N/m.
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Problem 4.8

4.8. Find the eigenvectors and natural frequencies for the system illustrated in Figure P4.8. Comment on the
physical behavior. m; = 2 kg, m» = .02 kg, m3 = 2 kg, k; = 1000 N/m, k; = 20 N/m, k3 = 2000 N/m,

k4 = 20 N/m, ks = 1000 N/m.
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Problem 4.8 (cont.)

Looking at the physical meaning of these:
X1 - x1 and x3 move together, with x2 moving in phase
with them but at a higher amplitude. This makes sense given the
symmetry of the problem.

X2 - x1 and x3 move at small amplitude together, the small mass, m2, moves
more than the heavier m1 and m2. This again makes sense.

X3 - x1 and x3 move opposite of one another. Given the symmetry, the exert
balancing forces on m2, meaning x2 is stationary.



Problem 4.8 (cont.)
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Problem 4.9

4.9. Figure P4.9 shows a double pendulum system, which also can be looked at as a model of a two-link robotic
manipulator. Find the equations of motion about the system’s stable equilibrium position (6 = 62 = 0).
Once you’ve found them, linearize the equations by assuming that all the angular deflections are small.
Then calculate the system’s natural frequencies and eigenvectors for the given parameter values. m; =2

kg,my =2kg, Iy =1m, I, = 1.5m, g = 9.81 m/s2.
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If we are looking at motion around 8=0,8=0,
then almost all velocity is in the | direction. We
can just use that component.
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Problem 4.9 (cont.)
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Problem 4.12

4.12. Find the equations of motion, linearize them, and find the natural frequencies and eigenvectors for the
system illustrated in Figure P4.12. m| = 2 kg, my = 20 kg, m3 = 1 kg, k; = 1000 N/m,/ = 1 m.

Ny
gy
b |
/]
/]
/]
/

/77

Find & o& W\G\\m LSiog L%(@Agé\ N\r\\m&
T\«\-\S S\{\‘kczw ‘\GS lb()?l Anooy E\: kX'QB
T= S 3k o) 3ml 00)

\/= .;l“\o?‘ P’bgl/aCos@ - ('\JSQ B

QL O O>\\N'mj
ol ands hert

Aot To wrde So wdadhny & 1y 60wy, e
e ’m&*@\, boda Fve o, ond hertils.

X2<—:

Figure P4.12

L: l;"\u & 3 Ck* ;’i‘@g ' jmx(“%f - { él‘ﬂg- wbgj/acose - mﬁQ cm@]

oy

& s ral )+ g1

O%[(\NL>: MX Mg(}(* §®B ' Mx@(* Q@S = <P'\,'¥ Nyt g N ("\3%* "‘3@9

<f\’\|+y\a+m3 Y x Lm%"r\gsé -+ XXZO

foc 6
oL _

- 0\ L .
B mb*geba + (30 08)S
NANEE 0\ - . .
d% 5_68 Mg X Mak’i\@ g g )B
oL
»® - -V\OS%SIOG —mf&ime

Q‘V‘g% A-WQBX * Q\‘la@i¥ V\&g\ @ 4 LMQ% *""\LQB %S\n 8:0 7 "-t\eoﬁzq N
QM:;% c )i - Kma@& n&% B Lma% b)) o9°0



Problem 4.12 (cont.)

An wdex Low

[ ol cld s
"‘319" ) f"a(B \‘\)93 © Q“;a*ﬂ;&s& = 0

N A o
N+ \Q X = 0O

MQ\A, e
N dev (K- @LV\&O e T Ny

3 Toc eudn Qi, e &K-u%‘qxi =0 Ly e'\fsem&*b( A



Problem 4.13

4.13. Consider the system illustrated in Figure P4.13. The entire mass is concemra.led in three .placcs;
the rest of the rigid bar is massless. Find the system’s equations of motion. Determine the

eigenvectors and natural frequencies. m; = 1 kg, my = 1 kg, m3 = 1 kg, k = 2 N/m,
l=1m.
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Problem 4.13 (cont.)
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