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1. Rao P.27 natural frequency calculation
For small angular rotation of bar P& about P,
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2. Rao P.2.16 natural frequency calculation

weight mg
X, =xX(t=0)=——7""—=-——>=
k% 4k

Conservation of momentum:

mv
M+m

M+m)k =mvor % =x(t=0)=

Natural frequency:

, 4k
D =
. M+m

Complete solution:

x(t) = Agsin(@ t +4,)

where
A = :{2 + ﬁ i - ng:_'_ mlvi !
U e, 16k’ (M+m)4k
and
: 1K (Marm ,
¢ =tan™ Lq =tan” _me (M +m) — tan™ _E M+m
! %, 4k\(M+m) mv i
(a)  Velocity of hammer = 156 m/z

Mass of hammer, m = 6 kg

Mass of anvil, m = 50 kg

o 2\ 19 g2 l’
A, ={[ 6-841 ) ¢ 8)18) } =00082m or 8.2 mm
(4)(17.5x10") (56)(T0=10")

4 - tan ] 9.81y/56
) (15)\70x10°

} =—1.06 degreec

(b) x = 0 at static equilibrium position: %, = x(t = 0) = 0. Congervation of momentum
gives:
Mz, = mv or %, =;‘;(t=0}=%

Complete zolution:
x(t) = Agin (@t +9)

where

A =1x+ a ]L - - {mrhy @5 =0.048 m or 48 mm
) { ) {wn } { M* 4k Vakm  |J(70x10°)(50)

¢, = tan™ [—x",wﬂ } = tan™(0) =0
X




3. Rao P. 223 natural frequency calculation
(a) Neglect masses of rigid links. Let x = displacement of W. Springs are in series.

k
ke = 3
Equation of motion:

mX +kgx=0

& m V 2m

(b) Under a displacement of x of mass, each spring will be compressed by an an
amount:

Natual frequency:

Equation of motion:

Natural frequency:




4. Rao P.2.40 natural frequency calculation
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5. Rao P.2.46 Equation of motion
Consider the springs connected to the pulleys (by rope)
to be in series. Then
4, 1, ) B
et L e =k
o ka =3
Let the displacement of mass m be x. 4

Then the extension of the rope (springs

to th 11 = 2 x. From
connected e pulleys)
the free body diagram, the equation of
motion of mass m: =(t)
2 k2
mx+2kx+kyg(2%)=0

or m§+'3—kx=0




6. Rao P. 2.87 Torsional vibration

(o) o
£
(k) ml? 8 4+ «alsine+ mgf me =0 i “-.,(z; Y (*‘ﬂ-z-i-mgf') =0

Wy = *a’?- +I:"EI
J ™m

Fonn T
) ml" 8 + k& sne - rn?f. smne=o0; wmloe +(*G}-T“}£) =0

2-—-
W, = Ka :‘??
mf

configuration (b) has the ﬁu’gkesi‘ natural freguency.

7. Rao P.2.90 Torsional vibration

tia of the ring = 1.0 kg—m®.

J. = mass moment of iner
3 e eross section of steel shaft

y £ ; polar moment of inertia of th
w 4 = -8 4
= EWE (a4, —db) = T (0.05" —0.04 ) = 36.2266 (107°) m

of eross section of brass shaft

1, = polar moment of inertia
4

T 4 s W -8
~ T (a4 —dh) = 57 (004" — 0.03*) = 17.1806 (107%) m
K, = torsional stiffness of steel shaft
—8

Gyl _ (80 (10°)) (36.2268 (10™*)) _ 14400.64 N—m/rad

B 2
ki = torsional stiffness of brass shaft

-8
Gp L _ (40 (10°)) (17.1806 (107)) _ 3436 .12 N—m/rad
¢ 2

+ ki = 17,926.76 N—m/rad

—
-

kg“ sz ku
Torsional natural frequency:

k A /
= oz (N 17926.76 _ 1338008 rad /sec
Wy = JD |

Natural time period:
L 22T ET _ —0.04893 sec
BT T,  133.8908




8. Rao P.2.93 Torsional vibration

E.Bua,f:non of motion

J‘9=_wde_z«( 9)3
- (o) — w0
WLIE.\'E 2 z
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For 9iven C!ICI«L*.'GJ;
. [a(10) (9 91)(5/@)4—!0 (zooo) (5)° +9(1000) - 45.1547 122 rad

(o (5)> -




9. Rao P.2.106 Rayleigh method

Let meg = effective part of mass of beam (m) at middle. Thus vibratory inertia
force at middle is due to (M -+ me). Assume 2a deflection shape:
y(x,t) = Y(x) cos (wy t — ¢) where Y(x) = static deflection shape due to load at
middle given by:

F
X E; I,4Am
M £
T‘- RS ,-—'T
Y=t g2 —a X ; o
— +0 £ 53 1 5= 9
. : : F £
where Y, = maximum deflection of the beam at middle = BEI
Maximum strain energy of beam = maximum work done by force F = % F Y.

Maximum kinetic energy due to distributed mass of beam:
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This shows that mgg = % m = 0.4857 m




10. Rao P. 2.130 Viscous free vibration
(i) (a) Viscous damping, (b) Coulomb damping.

(iii) (a) 7q = 0.2 sec, fg = 5 Hz, wy = 31.416 rad/sec.
(b) ry = 0.2 see, f, = 5 Hz, wy = 31.418 rad/sec.

(i) (a) s

2m¢

X
In |—|=1n2=0.6931 =
[x*"'l] Vi-¢

or 39.9590 ¢ =0.4804 or ¢=0.1096

Since Wy = Wy 1 — ¢, we find

Wa 31.416
Wy = = = 31.8065 rad /sec
. T "V 0.98798
k=mwl = {;’00 ] (31.6085)% = 5.0016 (10*) N/m
c
g = =
e 2muy

Hence ¢ = 2 m wy ¢ =2 (-530—) (31.6065) (0.1096) = 353.1164 N—s/m

(b) From Eq. (2.135):

k= Gl :‘;‘; (31.416)? = 5.0304 (10*) N/m

Using N = W = 500 N,

~0.002k _ (0.002) (5.0304 (10%))
T Taw 4 (500)

= 0.0503




11.Rao P.2.140 Equation of motion

Let &x — virtual displacement given to cylinder. Virtual work done by various
forces:

Inertia forces: 8 W; = — (Jo ) (80) — (m X) &x = — (Jo 8) (%—) — (m x) &

Spring force: 6W, = — (k x) 51
Damping force: W3 = — (¢ X) & .
By setting the sum of virtual works equal to zero, we obtain:

—-ii- }_ —mXx—kx—cx=0 or imiﬁJl-c:’c-i-k:s:=(.‘l
R |R 2

Or

Newton’s second law of motion:

SF=mf=—kx—cs v ~
=mXxX=- x—cx +F 1
SM=Jd=-FR (2) /_e‘\ .
kx{—7 %
where F; = friction force. R %6
F
. m R? s X ¥
Using Jp = —— and § = %, Eq. (2) gives
__ 1 2| X 1
Fim- g [ R g = g @)
Substitution of Eq. (3) into (1) yields:
%m5£+c:'c+kx=0 “
ige = -E—:k-— (5)
The undamped natural frequency is: & 3m



