22-41. The block shown in Fig. 22-16 has a mass of 20
kg, and the spring has a stiffness k = 600 N/m. When the
block is displaced and released, two successive ampli-
tudes are measured as x; = 150 mm and x; = 87 mm.
Determine the coefficient of viscous damping, c.

Assuming that the system is underdamped.
X = D¢(_) )

X3 = De_(ﬁ)n (2)

Divide Eq. (1) by Eq. (2) i—' sl ot

However, h=lh=Ty=—=

dmm
h=-h=—F—es
ef-(2)
Cc

Substitute Eq. (4) into Eq. (3) yields:

X i dmm
n(%) = () -
c
Bl et (E
m(—) el (5)

"

X2 ( ¢ )!
Eall=
Ce
From Eq. (5)
1n=015m x=0087Tm w,= ﬁ: i @ = 5.477 rad/s
m 20
C,. = 2mw, = 2(20)(5.477) = 219.09 N - s/m

,n(ﬁ)_ 2 (575%)
0.087 e
I_(ZI‘J.O‘J)

18.9 N - s/m Ans

¢

Il

Since C < C,, the system is underdamped. Therefore, the assumption
is OK!

@y ¢ 2 ﬂ
-6
Ceo

4




22-42. The 20-b block is attached to a spring having
a stiffness of 20 Ib/ft. A force F = (6¢cos2t) Ib, where
t is in seconds, is applied to the block. Determine the
maximum speed of the block after frictional forces cause
the free vibrations to dampen out.

Fo

Gl

w\°
1= —
Wy
| k 20
Wy Sy—= == 5.6745 rad/s
m .‘-_
32
[

C= —"_'2— =0.343 fi
L= (s.ﬂas

x, =Ccos2t
X, =—=C(2)sin2s
Maximum velocity is

Umar = C(2) = 0.343(2) = 0.685 fUs Ans
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k=20 Ib/ft

E—
F= 6cos2t

QOO0




#22-48. The electric motor has a mass of 50 kg and is
supported by four springs, each spring having a stiffness
of 100 N/m. If the motor turns a disk D which is mounted
eccentrically, 20 mm from the disk’s center, determine the
angular rotation w at which resonance occurs. Assume that
the motor only vibrates in the vertical direction.

Resonance occurs when @ = w,.

[k _ [a100) _ ]
M'_\E_J—“:EO = 2.83 rad/s




142. The car having a mass of 2 Mg is originally
traveling at 2 m/s. Determine the distance it must be
towed by a force F = 4 kN in order to attain a speed of
5 m/s. Neglect friction and the mass of the wheels.

194=oN
h+Ivu, =1 1

1 A

- 2

3(2000(2)" + [ 4000 c0s20°(s) — 19 620 sin10°(s)] = 1 2000 (5)? N.
2

$=597m A



14-3. The 20-kg crate is subjected to a force having a
constant direction and a magnitude F = 100 N, where
5 is measured in meters. When s = 15 m, the crate is
moving to the right with a speed of 8 m/s. Determine its
speed when 5 = 25 m. The coefficient of kinetic friction
between the crate and the ground is p; = 0.25.

Equation of Motion: Since the crate slides, the friction force devel-
oped between the crate and its contact surface is Fy = N = 0.25 N.
Applying Eq. 13-7, we have

300
+1 ¥ Fy =ma,: N+(l+ )emm —2(9.81) = 2(0)

150
N: Ml P ————" ™
( I_H+|962)N

Principle of Work and Energy: The horizontal component of force F
which acts in the direction of displacement does positive

work, whercas the friction force Fy =0.25 (—-% +19 62)

37.5
(— Ty +4.905 | N does negative work since it acts in the opposite
direction to thut of displacement. The normal reaction N. the vertical

component of force F and the weight of the crate do not displace
hence do no work. Applying Eq. 14-7, we have

2(9.81)N

~«—f—— F;=025N

N

T +ZU|—3 =T

1 = 25 m 300
=(2)(8°) +

2( it -/IISm (l+-‘

f!illl( 37.5

15 m 1+-"

v=12.6 m/s Ans

) cos 30° ds

+ 4. 905) ds = —(2):.':



14-7. Design considerations for the bumper B on the
-Mg train car require use of a nonlinear spring having the
ad-deflection characteristics shown in the graph. Select
the proper value of k so that the maximum deflection
of the spring is limited to 0.2 m when the car, traveling
4 m/s, strikes the rigid stop. Neglect the mass of the
car wheels.

2 5(10%(9.81) N
: 027 _ E
40000 - k—— =0 f

Ne

k=150 MN/m’ Ans




Determine the velocity of the 20-kg block A
er it is released from rest and moves 2 m down the
e. Block B has a mass of 10 kg and the coefficient of
tic friction between the plane and block A is pe = 0.2.
Also, what is the tension in the cord?

Ny = 2019.81)cos60° =0

(0+0) +20(9.81)(sin60°)2 - 0.2(98. 1)(2) - 10(9.81)(2) = %(zo)é + %{IU]\?

v=2638=2.64 m/s

047(2)- 10(9.81)(2) = z',uunz,ess)’

20(98)N
60° T
0.2Ny
Ny
Also, block A :
h+iU,; =T

0+20(9.81)(sin60°)(2) - T(2)-0.2(98.1)(2) = -;(205(2,533)3

T=115N Ans




4-22. The two blocks A and B have weights W, = 60 1b
nd Wy =10 Ib. If the kinetic coefficient of friction
etween the incline and block A is p; = 0.2, determine
he speed of A after it moves 3 ft down the plane starting
om rest. Neglect the mass of the cord and pulleys.

mematics : The speed of the block A and B can be related by using position
rdinate equation.

Su (s =55)=1 25,-sp=1
s, —As; =0 Asy =245, =2(3) =61t
20, vy =0 (1)

uation of Motion : Applying Eq.13 -7, we have

4y_ 60
+3F, =ma,.; N'w(§]=327(0) N=4801b

inciple of Work and Energy : By considering the whole system, W, \
ich acts in the direction of the displacement does posifive work. Wy and the
tion force F = 11, N = 0.2(48.0) = 9.60 Ib does negarive work since they act
he opposite direction to that of displacement. Here, W, is being displaced

tically (downward) gm,‘and Wj, is being displaced vertically (upward)

- Since blocks A and B are at rest initially, 7; = 0. Applying Eq. 14-7,
have

L+YU,=T

3 1 1
0+ W, (EAS,‘ )- FAs, - WyAsp = 2™ vi+ Em, Ui

3 (60 2 1(10 ,
60[3(3}]——9.60(3) -10(6) = i[iﬁ)"‘ +i[3u]u,

1236.48 = 60v} + 10V} (2]

gs.[1] and [2] yields

v, =3.521us Ans
vy =7.033 fus



14-23. Packages having a weight of 50 Ib are delivered
to the chute at vy, =3 ft/s using a conveyor belt.
Determine their speeds when they reach points B, C, and
D. Also calculate the normal force of the chute on the
packages at B and C. Neglect friction and the size of the

packages.

L+ElUss=T;

1

2(32 z)ml *50(5)11 = cos30°) = '[ 50 J‘%

322
vg=7221=722fi/'s Ans

$LF =ma,;  —Np +50cos30° = (32 2J[MJ

5

L]
Ng =27.11b Anms

RW+ilUic=T

. 1750
2(32 2J(B) +50(5cus30°) LJ__')

ve=16.97=17.0fus Ans

YEIF, =may; N, - Stcos30° = (%J[_“ﬁ-‘”)’]
. 5

Ne=1331b  Ans
L+EiUy p=T,

;[32 555 )37 +50(5) = i(;_zj‘%

=18.2fYs Ans

50

Ne



P ——

14-41. The diesel engine of a 400-Mg train increases L+IUi=T
the train’s speed uniformly from rest to 10 m/s in 100°s
along a horizontal track. Determine the average power

1 i
=~ (1) 1o
developed. 0+Ui-2=3! y(10")(10y

Uy-p =20(10°)J

P _ Ui 000 _o00kw  Ans
s 1 100

Also,
v= +al
10 = 0+a. (100

a. = 0.1 m/s*

5 EF, =ma,. F= o (101) (0.1 =40(10°) N

Poe =F Vauy = ul{m")(l;-])=mtw Ans



14-47.  An electric streetcar has a weight of 15000 Ib
and accelerates along a horizontal straight road from rest
such that the power is always 100 hp. Determine how far
it must travel to reach a speed of 40 ft/s.

F=ma= E (vdu)

g \ds
d
P= FU = (E{u) v
g ds
f Pds = | —vdv
(] o &
P = constant
W 1
Py = —(=)0°
5 2 (3)u
W 5
y=—7p
3gP
15 000(40)*

¥ = 332.2)(100)(550)

5= 181ft Ans




1449, The 50-Ib crate is given a speed of 10 ft/s in
I = 4s starting from rest. If the acceleration is constant,
determine the power that must be supplied to the motor
when t = 2s. The motor has an efficiency € = 0.76.
Neglect the mass of the pulley and cable.

+n

50
+TIE =ma; - 50 = 554

td
+Nv=v +at
10=0+a(4)
a= 25 fus’
T=29%0
Int=2s,
V=¥, +al
v=0+252) =5fs
sc+(sc—5) =1
2ve = Vp
25) = vp = 10 fis
B, = 2654(10) = 2692

269.2
= 2% _ 35449 flbis
B =%

P, = 0.644 hp Ans

zT

5%1b




