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*18-1. At a given instant the body of mass m has an IC
angular velocity @ and its mass center has a velocity vg.
Show that its kinetic energy can be represented as
T = %I 1cw?, where I, is the moment of inertia of the body
computed about the instantaneous axis of zero velocity,
located a distance r/;c from the mass center as shown. G

YGic

\7e w

1 2 1 2
T:Eva‘i‘EIG(D where 'UG:(UVG/]C

1 1
=5 m(wrgc)* + 5 I o

1
- §<mr2G/1c + Ig)o? However mrgc + I = I ¢

1
= E IIC (1)2 Q.E.D-

18-2. The double pulley consists of two parts that are o =20rad/s
attached to one another. It has a weight of 50 Ib and a radius
of gyration about its center of ky = 0.6 ft. If it rotates with
an angular velocity of 20 rad/s clockwise, determine the
kinetic energy of the system. Assume that neither cable slips

on the pulley.
1 1 1
T = Elowé + EmAVix + Eva%
5| 301b
1( 50 ) ) 1(20) 5 1(30) ) Al 201b
=~ ==(. + -5 + == :
T 2 (32.2 06) >(20) 2\322 [(20)(1)} 2\32.2 [(20)(0 5)]
=283 ft-1b Ans.
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18-3. A force of P = 20 N is applied to the cable, which P\
causes the 175-kg reel to turn without slipping on the two
rollers A and B of the dispenser. Determine the angular
velocity of the reel after it has rotated two revolutions
starting from rest. Neglect the mass of the cable. Each roller
can be considered as an 18-kg cylinder, having a radius of
0.1 m. The radius of gyration of the reel about its center axis

is kg = 0.42 m. \\\\\\;&s\\ \

Tl + 2U1,2 = T2 AME
’ ’

[0 + 0 + 0] + 20(2)(27)(0.250) = %[175(0.422)](02 + %{%(18)(0.1)2}0)3 Lzmo mm#

v = w, (0.1) = «(0.5) .
0, = Sw P=20N 175(?51)/\’

Solving:

w = 1.88 rad/s Ans.

*18-4. The spool of cable, originally at rest, has a mass of

200 kg and a radius of gyration of ks = 325 mm. If the Q \\
spool rests on two small rollers A and B and a constant Q \

: - : . 800 mm
horizontal force of P = 400 N is applied to the end of the \ \\\\\\\\\\\\ \\\\
200

cable, determine the angular velocity of the spool when 8 m \
of cable has been unwound. Neglect friction and the mass of e G \ P=400N
the rollers and unwound cable. \ \ \
@
T+ 201 ,=T, \\\\\\‘\\\

N

[200(0.325)% ]} \\\\&

0 + (400)(8) =

N | =

w, = 17.4rad/s Ans.
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¢18-5. The pendulum of the Charpy impact machine has a
mass of 50 kg and a radius of gyration of k4 = 1.75 m. If it
is released from rest when 6 = 0°, determine its angular
velocity just before it strikes the specimen S, 0 = 90°.

Tl + EUI*Z = T2
0 + (50)(9.81)(1.25) = %[(50)(1.75)2]@

wy = 2.83 rad/s

Ans.

[-25M

- W=50(980)N

18-6. The two tugboats each exert a constant force F on
the ship. These forces are always directed perpendicular to
the ship’s centerline. If the ship has a mass m and a radius
of gyration about its center of mass G of kg, determine the
angular velocity of the ship after it turns 90°. The ship is
originally at rest.

Principle of Work and Energy: The two tugboats create a couple moment of

M = Fd to rotate the ship through an angular displacement of § =

aa
— rad. The mass

moment of inertia about its mass center is I; = mk%. Applying Eq. 18-14, we have

T1+ EUl*ZZTZ

1
0+ Mf):EIGwz

1
0+ Fd(%) = (mk%) o

_ 1 |wFd
@ kG m

Ans.
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18-7. 'The drum has a mass of 50 kg and a radius of gyration

about the pin at O of ko = 0.23 m. Starting from rest, the D%_
suspended 15-kg block B is allowed to fall 3 m without
applying the brake ACD. Determine the speed of the block at
this instant. If the coefficient of kinetic friction at the brake 0.75 m
pad Cis u; = 0.5,determine the force P that must be applied 0.25m
at the brake handle which will then stop the block after it 0.15m

descends another 3 m. Neglect the thickness of the handle.

Before braking:

T+ 323U ,=T, 0.5m

0 + 15(9.81)(3) = %(15»% + %[50(0_23)2](£>2 y

0)

0.15
vp = 2.58 m/s Ans.

Sp Sc

0.15 025

Set s = 3 m, then s¢c = 5m.
T+ 22U, =T,
0 — F(5) + 15(9.81)(6) = 0
F =176.6 N

176.6
N = 05 3532 N

Brake arm:
C+=M, =0; —353.2(0.5) + P(1.25) =0

P =141N Ans.

—F

075m

05m

15(9.80)N
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*18-8. The drum has a mass of 50 kg and a radius of

gyration about the pin at O of kp = 0.23 m. If the 15-kg Déﬁ_
block is moving downward at 3 m/s, and a force of
P =100 N is applied to the brake arm, determine how far
the block descends from the instant the brake is applied 075 m
until it stops. Neglect the thickness of the handle. The 025 m
coefficient of kinetic friction at the brake pad is pu; = 0.5. 0.15m

Brake arm: o
_A_

C+=M, =0 —N(0.5) + 100(1.25) = 0
0.5 m

N =250N

F = 0.5(250) = 125N 8

If block descends s, then F acts through a distance s’ = s(%)

Tl + EU1,2 = T2

2
[(50)(0.23)2](0.3715) + %(15)(3)2 + 15(9.81)(s) — 125@)(%) =0

N | =

s =975m Ans.
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*18-9. The spool has a weight of 150 Ib and a radius of P
gyration ko = 2.25 ft. If a cord is wrapped around its inner >
core and the end is pulled with a horizontal force of 19)
P = 40 1b, determine the angular velocity of the spool after
the center O has moved 10 ft to the right. The spool starts
from rest and does not slip at A as it rolls. Neglect the mass
of the cord.

2 ft
3 ft

Kinematics: Since the spool rolls without slipping, the instantaneous center of zero
velocity is located at point A. Thus,

Vo = Wrojic = w(3)

Also, using similar triangles

= sp = 16.67 ft

Free-Body Diagram: The 40 Ib force does positive work since it acts in the same
direction of its displacement s . The normal reaction N and the weight of the spool
do no work since they do not displace. Also, since the spool does not slip, friction
does no work.

Principle of Work and Energy: The mass moment of inertia of the spool about point
150
Oisly = mkd = (@)(2.252) = 23.58 slug - ft%. Applying Eq. 1814, we have

T1+EU1,2:T2
1 2 1 2
0+P(SP):EmU0+510(J)

0 + 40(16.67) = %(312%)[&)(3)]2 + %(23.58) o’

o = 4.51 rad/s Ans.

/ w / SP W=/501b

N P=40 b

‘ G 5=10#t

3t
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18-10. A man having a weight of 180 Ib sits in a chair of
the Ferris wheel, which, excluding the man, has a weight of
15 000 Ib and a radius of gyration ky = 37 ft. If a torque
M = 80(10% Ib-ft is applied about O, determine the
angular velocity of the wheel after it has rotated 180°.
Neglect the weight of the chairs and note that the man
remains in an upright position as the wheel rotates. The
wheel starts from rest in the position shown.

T] + 2U1_2 = T2

0 + 80(10%)(m) — (180)(120) = %[(15 000)(37)2}02 + l(@)(60(»)2

322 2\32.2

o = 0.836 rad/s Ans.

15000 Ib

M=B80w0)Ib-ft bop

(80 Ib

& ¥
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18-11. A man having a weight of 150 Ib crouches down on
the end of a diving board as shown. In this position the radius
of gyration about his center of gravity is kg = 1.2 ft. While
holding this position at # = 0°, he rotates about his toes at A
until he loses contact with the board when 6 = 90°. If he
remains rigid, determine approximately how many revolutions
he makes before striking the water after falling 30 ft.

0

T] + 2U1_2 = T2 ] e ot

0 + 150(1.5) = %(%)(1.5(9)2 + %{ (312573)(1.2)2}(»2 :|—|4

o = 5.117 rad/s

v = (1.5)(5.117) = 7.675 ft/s

During the fall no forces act on the man to cause an angular acceleration, so o = 0.

+1 s=s0+vot+lact2
( 2

30

1
0+ 7.675 + (32.2)¢

Choosing the positive root,

t =1.147s

1
C+) 0=60+wot+§act2

0 =0+ 5.117(1.147) + 0

6 = 5.870 rad = 0.934 rev. Ans.
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*18-12. The spool has a mass of 60 kg and a radius of
gyration kg = 0.3 m. If it is released from rest, determine
how far its center descends down the smooth plane before it
attains an angular velocity of w = 6 rad/s. Neglect friction
and the mass of the cord which is wound around the
central core.

T1 + EU1,2 = T2

0 + 60(9.81) sin 30°(s) = = [60(0.3)2](6)? + %(60)[0.3(6)]2

1
2

s = 0.661 m Ans.

©0(9.81)N

*18-13. Solve Prob. 18-12 if the coefficient of kinetic
friction between the spool and plane at A is p;, = 0.2.

SG SA

03 (05— 03)
s4 = 0.6667s5
NZF, =0; N, — 60(9.81) cos 30° = 0
N, = 509.7N

T] + EU],Z = T2

0 + 60(9.81) sin 30°(sg) — 0.2(509.7)(0.6667s¢) = %[60(0.3)2}(6)2

+ %(60)[(0.3)(6)}2

sg = 0.859m
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18-14. The spool has a weight of 500 Ib and a radius of
gyration of ks = 1.75 ft. A horizontal force of P = 15 lb is
applied to the cable wrapped around its inner core. If the
spool is originally at rest, determine its angular velocity
after the mass center G has moved 6 ft to the left. The spool
rolls without slipping. Neglect the mass of the cable.

For s = 6 ft,then s, = 8 ft.

Ty + SU, =T,
1|/ 500 2| 4 1(500) )
+ ==\ == . + -\ == .
0 + 15(8) > {(32-2)(1 75) }w \ 32 (2.4w)

o = 1.32rad/s Ans.

5001b

<N
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18-15. If the system is released from rest, determine the
speed of the 20-kg cylinders A and B after A has moved
downward a distance of 2 m. The differential pulley has a
mass of 15 kg with a radius of gyration about its center of
mass of ko = 100 mm.

Kinetic Energy and Work: The kinetic energy of the pulley and cylinders A and B is

— 1 2 _ 1 2 2 _ 2
Tp=51ow’ =5 {15(0.1 )}w = 0.0750

1 1
Tyo==-myvy?=—-(20)v, 2 = 10v,>
2 2
_1 21 2 _ 2
TB mpgVvp (ZO)VB 101/'3
2 2
Thus, the kinetic energy of the system is ‘O

T = TP + TA + TB
T = 0.0750> + 10v,2 + 10v5° ) 0-.075m

However, since the pulley rotates about a fixed axis,

then
vg = wrg = 6.667v 4 (0.075) = 0.5v4
Substituting these results into Eq. (1), we obtain
T = 15.833v 42
Since the system is initially at rest,

T, =0 Ws=20( 280N

Referring to Fig. a, F, does no work, while W, does positive work, and W does
negative work. Thus,

v
Ua=Wasa Up=—Wgsp WA=ZO(7~5I)N

Here, s, = 2m. Thus, the pulley rotates through an angle of 6 = ;L:= 02?
= 13.33 rad. Then, sz = rgf = 0.075(13.33) = 1 m. Thus,

U, =2009.81)(2) = 392.4]

Up = —2009.81)(1) = —196.27J
Principle of Work and Energy:
T+ 22U, =T,
0+ [392.4 + (~196.2)] = 15.833v,2

v4=3520m/s = 3.52m/s! Ans.
Then

vg = 0.5(3.520) = 1.76 m/s Ans.
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*18-16. If the motor M exerts a constant force of
P = 300N on the cable wrapped around the reel’s outer
rim, determine the velocity of the 50-kg cylinder after it has
traveled a distance of 2 m. Initially, the system is at rest. The
reel has a mass of 25 kg, and the radius of gyration about its
center of mass A is k4 = 125 mm.

Kinetic Energy and Work: Since the reel rotates about a fixed axis, v¢ = w, r¢ or Wr= 25(9. 81) N

_Yc_ _Yc
Or e T 0075
centers is /4, = m,k,? = 25(0.125%) = 0.390625 kg - m>. Thus, the kinetic energy of

the system is

= 13.33v¢. The mass moment of inertia of the reel about its mass

T=T,+T¢

1,1
:EIA(U, +Emcvc

2

1 1
5 (0390625)(13.33vc)” + - (SO)vc?

= 59.72v2

Since the system is initially at rest, 7y = 0. Referring to Fig. a, Ay, A ,and W,
do no work, while P does positive work, and W does negative work. When the

cylinder displaces upwards through a distance of sc = 2 m, the wheel rotates (d«)
S, 2
9 =-C=_—=_ —2667rad. Thus, P displaces a distance of sp = rpf
rc 0.075
= 0.15(26.67) = 4 m. The work done by P and W . is therefore A\
W = 50(480N

Up = Psp = 300(4) = 1200]
Uw,. = —Wesec = —5009.81)(2) = —9811]
Principle of Work and Energy:
T+ 32U,,=T,
0 + [1200 + (—981)] = 59.72v2

ve = 1.91 m/s?t Ans.
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¢18-17. The 6-kg lid on the box is held in equilibrium by
the torsional spring at § = 60°. If the lid is forced closed,
6 = 0°, and then released, determine its angular velocity at
the instant it opens to § = 45°.

Equilibrium: Here, M = k6, = 206,, where 6, is the initial angle of twist for the
torsional spring. Referring to Fig. a, we have

+SMe = 0 6(9.81) cos 60°(0.3) — 206, = 0 9, = 0.44145 rad

Kinetic Energy and Work: Since the cover rotates about a fixed axis passing through

1
point C, the kinetic energy of the cover can be obtained by applying T = 5 Ic o?,
1 1
where I = 3 mb* = 3 (6)(0.62) = 0.72 kg - m?. Thus,

1 1
T = 5 Icw? = 5 (0.72)0? = 0.360”

Since the cover is initially at rest (§ = 0°), T, = 0. Referring to Fig. b, C, and Cy do no
work. M does positive work, and W does negative work. When 6 = 0° and 45°, the angles
of twist for the torsional spring are §; = 1.489 rad and 6, = 1.489 — % = 0.703 rad,
respectively. Also, when 6 = 45°, W displaces vertically upward through a distance of
h = 0.3 sin 45° = 0.2121 m. Thus, the work done by M and W are

0, 1.4886 rad

Uy = / M do = / 200 do = 106> =17.227J

0, 0.7032 rad
Uy = —Wh = —6(9.81)(0.2121) = —12.4917J

Principle of Work and Energy:

Tl + EUI—Z = T2
0+ [17.22 + (—12.49)] = 0.360”
w = 3.62rad/s Ans.

0(98)N
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18-18. The wheel and the attached reel have a combined
weight of 50 1b and a radius of gyration about their center of
k, = 6in.If pulley B attached to the motor is subjected to
a torque of M = 40(2 — ¢ %) Ib - ft, where 6 is in radians,
determine the velocity of the 200-Ib crate after it has moved
upwards a distance of 5 ft, starting from rest. Neglect the
mass of pulley B.

Kinetic Energy and Work: Since the wheel rotates about a fixed axis,

ve = wre = »(0.375). The mass moment of inertia of A about its mass center is

50
Iy = mhky* = (32—2)(0.52) = 0.3882 slug - ft%. Thus, the kinetic energy of the
system is
T = TA + TC
1 1
= EIsz + Emcvcz
1 , 1,200 »
= (0. + s }
5 (03882)” + - ( = 2)[a)(0 375))
= 0.6308w*
Since the system is initially at rest, 7y = 0. Referring to Fig. b, A, Ay, and W 4 do no
work, M does positive work, and W . does negative work. When crate C moves 5 ft
5
upward, wheel A rotates through an angle of 64 = STC =035 13.333 rad. Then,
¥A 0.625
pulley B rotates through an angle of 6z = 70‘4 = oz (13.333) = 33.33 rad.
B .
Thus, the work done by M and W - is
33.33 rad
Uy = / Mdoy = / 40(2 — e *1%)dp
0
33.33 rad
= {40(29 + 106—0.19)} 0-6254t W,=501b
0
= 2280.93 ft - Ib 025§t o375ft
Uw,. = —Wcsec = —200(5) = —1000 ft-1b /(‘
‘ b Ax
Principle of Work and Energy: M =40(2-€" 9&//0) /b*ft’ l
Tl + EU1,2 = T2 B? Ay’
0 + [2280.93 — 1000] = 0.63080> (@)
® = 45.06 rad/s
Thus,
ve = 45.06(0.375) = 16.9 ft/s T Ans.
s
W,=2001b
)
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18-19. The wheel and the attached reel have a combined
weight of 50 1b and a radius of gyration about their center of
k4, = 6in. If pulley B that is attached to the motor is
subjected to a torque of M = 501b-ft, determine the
velocity of the 200-lb crate after the pulley has turned
5 revolutions. Neglect the mass of the pulley.

Kinetic Energy and Work: Since the wheel at A rotates about a fixed axis,
ve = wre = »(0.375). The mass moment of inertia of wheel A about its mass center

50
is I, =mky? = (3272)(0.52) = 0.3882 slug - ft>. Thus, the kinetic energy of the
system is
T = TA + TC
=—J, 0"+ 1m ve?
5 1la 5, Meve
1 1 (200
=—(03882)w® + = | —— . 2
5 (03882)” + - (32.2)[(0(0 375)]
= 0.6308w*
Since the system is initially at rest, Ty = 0. Referring to Fig. b, A, Ay, and W, dono
work, M does positive work, and W does negative work. When pulley B rotates
2 rad
0g = (5 rev)( ;Tr:/ ) = 107 rad, the wheel rotates through an angle of
rp 0.25 .
04 = —0p = |- |(10m) = 47. Thus, the crate displaces upwards through a
ryg 0625
distance of s¢ = r¢ 04 = 0.375(4w) = 1.57 ft. Thus, the work done by M and W . is
Uy = Mg = 50(107r) = 5007 ft-1b
Uw,.= —Wc¢sc = —200(1.57) = =300 ft-1b 0'515# WA=5OIB

Principle of Work and Energy:

Tl + 2U1,2 = Tz

0 + [5007 — 3007] = 0.6308w”

w = 31.56 rad/s

Thus,

ve = 31.56(0.375) = 11.8 ft/s
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*18-20. The 30-1b ladder is placed against the wall at an
angle of 6 = 45° as shown. If it is released from rest,
determine its angular velocity at the instant just before
6 = 0°. Neglect friction and assume the ladder is a uniform
slender rod.

Kinetic Energy and Work: Referring to Fig. a,

(vg)2 = wor, G/IC = w(4)

The mass moment of inertia of the ladder about its mass center is

_ i 2 i ﬂ 2\ _ 2 . . . .
I = D ml- = B (32.2)(8 ) = 4.969 slug - ft*. Thus, the final kinetic energy is

1 1
T, = Em(VG)ZZ + Elcwzz

- %(%)[a)z @P+ %(4.969)(:)22

= 9.938w,>

Since the ladder is initially at rest, 7y = 0. Referring to Fig. b, N, and N do no
work, while W does positive work. When 6 = 0°, W displaces vertically through a
distance of 4 = 4 sin 45° ft = 2.828 ft. Thus, the work done by W is

Uy = Wh = 30(2.828) = 84.85ft-1b
Principle of Work and Energy:
T+ 2U,,=T,
0 + 84.85 = 9.938w,

wy = 2.92rad/s Ans.

( re 1
' \ ( (Ve),
’W; (Vﬁ)z,*, '\3/14 j v

} 4 |
(Va),,

@)
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¢18-21. Determine the angular velocity of the two 10-kg \B /
rods when 6 = 180° if they are released from rest in the
position § = 60°. Neglect friction.

0
Kinetic Energy and Work: Due to symmetry, the velocity of point B is directed along 3m 3m
the wvertical, as shown in Fig. a. Also, (wap); = (wpc), = w, and
(VGAB)Q = <VGBC)2 = (vg)2- Here, (vg), = worgiic = @5(1.5). The mass moment of
inertia of the rods about their respective mass centers is
1 2 1 2 2 . . . . A C
I = ) ml® = I (10)(3 ) = 7.5 kg - m”. Thus, the final kinetic energy is

Ty, = (Tap) + (Te)

1 1
= 2{5 m(vg),® + Elngz}

= 2{%(10)[(1)2(1.5)}2 + %(7.5)0)22}
= 30w,

Since the system is initially at rest, 7; = 0. Referring to Fig. b, N does no work, while
W does positive work. When 6 = 180°, W displaces vertically downward through a
distance of 4 = 1.5 cos 30° = 1.2990 m. Thus, the work done by W is

Uy = Wh = 10(9.81)(1.2990) = 127.44 J

Principle of Work and Energy:
T] + EUI,Q = Tz
0 + 2(127.44) = 30w,>

wr = 291 rad/s Ans.

W=10(9.8| )A/ W=/0(9-81)N

[T

[5m Va),, 0/6),2, N N
@)
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18-22. Determine the angular velocity of the two 10-kg \B /
rods when 6 = 90° if they are released from rest in the
position § = 60°. Neglect friction.

0
Kinetic Energy and Work: Due to symmetry, the velocity of point B is directed along 3m 3m
the wvertical, as shown in Fig. a. Also, (wup); = (wpc), = w, and
(VGAB)Q = <vGB(,)2 = (vg),- From the geometry of this diagram, /¢ = 1.5 m. Thus,
(vg)2 = worgyic = wy(1.5). The mass moment of inertia of the rod about its mass A h

1
centeris I = E<10)<32) = 7.5 kg - m?. Thus, the final kinetic energy is
Ty = (Tap)2 + (Tpc)

1 1
= 2|:5m(VG)22 + 51(;(1)22}

= 2{%(10)[(,)2(1.5)]2 + %(7.5)(«)22}
= 30w,>

Since the system is initially at rest,7; = 0. Referring to Fig. b, N does no work, while
W does positive work. When 6 = 90°, W displaces vertically downward through a
distance of &7 = 1.5 cos 30° — 1.5 cos 45° = 0.2384 m. Thus, the work done by W is

Uy = Wh = 10(9.81)(0.2384) = 23.38]
Principle of Work and Energy:
T+ 32U, =T,
0 + 2(23.38) = 30w,

w, = 1.25rad/s Ans.
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18-23. If the 50-1b bucket is released from rest, determine
its velocity after it has fallen a distance of 10 ft. The windlass
A can be considered as a 30-1b cylinder, while the spokes are
slender rods, each having a weight of 2 1b. Neglect the
pulley’s weight.

Kinetic Energy and Work: Since the windlass rotates about a fixed axis, ve = w74
1% 12

or wy = < é = 2vc. The mass moment of inertia of the windlass about its

ra .

mass center is

1/ 30 ) 1 2 ) 2 5 } ,
=155 )105°) + 4 —{ - ){05) + (0. = 0. .
4 2(32-2)(0 i ) 4{12 (32.2)(0 > ) 32_2<0 75 ) 0.2614 slug - ft
Thus, the kinetic energy of the system is
T=T,4+Tc¢

1 1
51 sz + Emcvc

2

1 , 150\
0. + ==
S(02614)(2vc) 2( o 2>vc

= 12992y

Since the system is initially at rest, 7y = 0. Referring to Fig.a, W4, A, Ay, and R,
do no work, while W does positive work. Thus, the work done by W, when it
displaces vertically downward through a distance of sc = 10 ft, is

Uy, = Wese = 50(10) = 500 fe - Ib

Principle of Work and Energy:

T1+ EU172:T2 J’
0 + 500 = 1.2992v,.> W.=50|b
ve = 19.6 ft/s Ans.
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*18-24. If corner A of the 60-kg plate is subjected to a
vertical force of P = 500 N, and the plate is released from
rest when 6 = 0°, determine the angular velocity of the
plate when 6 = 45°.

Kinetic Energy and Work: Since the plate is initially at rest, 7; = 0. Referring to
Fig. a,

(VG)Z = wlg/ic = w2(1 cos 450) = 07071(1)2

The mass moment of inertia of the plate about its mass center is

1 1
I = Em(a2 + b2> = 6(60)(12 + 12) = 10kg-m? Thus, the final kinetic

energy is

1 1
T, = Em(Vc)z2 + Elcwz2

= %m(60)(0.7071w2)2 + %(10)&)22

= 200)2 2

Referring to Fig. b, N, and N do no work, while P does positive work, and W does
negative work. When 6 = 45°, W and P displace upwards through a distance of
h = 1cos45° — 0.5 = 0.2071 m and sp = 2(1 cos 45°) — 1 = 0.4142 m. Thus, the
work done by P and W is

Up = Psp = 500(0.4142) = 207.117J

Uy = ~Wh = —60(9.81)(0.2071) = —121.90 J

Principle of Work and Energy:
Tl + 23U 1-2 — T2
0 + [207.11 — 121.90] = 20w,?

w, = 2.06 rad/s Ans.

(Va), p=500N

T\

|Cos45°m

45°
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¢18-25. The spool has a mass of 100 kg and a radius of
gyration of 400 mm about its center of mass O. If it is released
from rest, determine its angular velocity after its center O has
moved down the plane a distance of 2 m. The contact surface
between the spool and the inclined plane is smooth.

Kinetic Energy and Work: Referring to Fig. a,
Vo = a)ro/lc = (1)(03)

The mass moment of inertia of the spool about its mass center is
Ip = mky? = 100(0.42) = 16 kg - m?. Thus, the final kinetic energy of the spool is

1 1
T = EmVOZ + 5]0&)2

= %(100)[0)(0.3)]2 + %(16)0)2

= 12.50%

Since the spool is initially at rest, 7; = 0. Referring to Fig. b, T and N do no work,
while W does positive work. When the center of the spool moves down the
plane through a distance of sp =2m, W displaces vertically downward
h = spcos 45° = 2 cos 45° = 1.4142 m. Thus, the work done by W is

Uy = Wh = 100(9.81)(1.4142) = 1387.34 N
Principle of Work and Energy:
T+ 2U,=T,
0 + 1387.34 = 12.50°

o = 10.5rad/s Ans.
Tope - T
y wW=100(98)N

(b)
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18-26. The spool has a mass of 100 kg and a radius of
gyration of 400 mm about its center of mass O. If it is
released from rest, determine its angular velocity after its
center O has moved down the plane a distance of 2 m. The
coefficient of kinetic friction between the spool and the
inclined plane is w; = 0.15.

Kinetic Energy and Work: Referring to Fig. a,

Vo = wro/[C = w(03)

The mass moment of inertia of the spool about its mass center is
Ip = mky? = 100(0.42) = 16 kg - m?. Thus, the kinetic energy of the spool is

1 1
T = EmVOZ + 510&)2

- %(100)[(0(0.3)]2 + %(16)w2

= 12.50°

Since the spool is initially at rest, 7y = 0. Referring to Fig. b, T and N do no work,
while W does positive work, and F,does negative work. Since the spool slips at the
contact point on the inclined plane, F; = ;N = 0.15N, where N can be obtained 0 a

using the equation of motion, ( )

2F, = m(a,)y; N —100(9.81) cos 45° = 0 N = 693.67N

Thus, F; = 0.15(693.67) = 104.05 N. When the center of the spool moves down the

inclined plane through a distance of sp = 2 m, W displaces vertically downward T
h = spsin 45° = 2sin 45° = 1.4142 m. Also, the contact point A on the outer rim of

. ra/ic
the spool travels a distance of s, = | ——

0.9
>s0 = —+(2) = 6 m, Fig. a. Thus, the
rO/,C 0.3

work done by W and F, is
Uw = Wh = 100(9.81)(1.4142) = 1387.347J
Up, = —Fssq = —104.05(6) = —624.30J

Principle of Work and Energy: h

Tl + EUI*Z = T2

0 + [1387.34 — 624.30] = 12.5°

o = 7.81 rad/s Ans.
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18-27. The uniform door has a mass of 20 kg and can be
treated as a thin plate having the dimensions shown. If it is
connected to a torsional spring at A, which has a stiffness of
k = 80 N -m/rad, determine the required initial twist of the
spring in radians so that the door has an angular velocity of
12 rad/s when it closes at 6§ = 0° after being opened at
6 = 90° and released from rest. Hint: For a torsional spring
M = k6, when k is the stiffness and 6 is the angle of twist.

T] + EU]_Z = TZ

0+ / v 800 do = %B (20)(0.8)2}(12)2

0o
40{(00 + 2P - eg} = 3072

0o = 1.66 rad Ans.
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*18-28. The 50-Ib cylinder A is descending with a speed of
20 ft/s when the brake is applied. If wheel B must be brought
to a stop after it has rotated 5 revolutions, determine the
constant force P that must be applied to the brake arm. The
coefficient of kinetic friction between the brake pad C and
the wheel is p; = 0.5. The wheel’s weight is 25 1b, and the
radius of gyration about its center of mass is k = 0.6 ft.

Equilibrium: Referring to Fig. a, we have

C+=Mp =0; Ne(1.5) = 0.5N¢(0.5) — P(45) =0

NC =36P

v
Kinetic Energy and Work: Since the wheel rotates about a fixed axis, (wg); = )

r'a
20
= 0375 53.33 rad/s. The mass moment of inertia of the wheel about its mass
' 25

centeris [y = mgk? = ﬂ(Oﬁz) = 0.2795 slug - ft>. Thus, the initial kinetic energy
of the system is .

T,

(Ta + (T

1 1
= EmA(VA)% + EIB((UB)%

Al

LA L ey =4 AT

S TR

= 708.07 ft-1b

Since the system is brought to rest, T, = 0. Referring to Fig. b, B,, By, Wy, and N
do no work, while W , does positive work, and F,does negative work. When wheel B
2 d

m1a ) = 107 rad, W, displaces

1rev
sa4 = ra0 = 0.375(107r) = 3.757 ft vertically downward, and the contact point C on

rotates through the angle 6 = (5 rev)(

the outer rim of the wheel travels a distance of s¢ = rgf = 0.75(107) = 7.57. Thus,

the work done by W , and Ffis

U, = Wsa = 50(3.75m) = 18757 ft-1b

Up, = —Fssc = —18P(1.5m) = —13.57P No=3.0P
=3

Principle of Work and Energy:
=05@-6P)=/ 8P
Tl + EU172 = T2

708.07 + [187.570 — 13.57P] = 0

P =30.61b Ans.

(b)

Y
W,=501b

748

Mech.Muinﬂ%ngineer.Net



91962 08 s18 p0725-0778 6/8/09 4:19 PM Page 749 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢18-29. When a force of P = 30 1bis applied to the brake
arm, the 50-1b cylinder A is descending with a speed of
20 ft/s. Determine the number of revolutions wheel B will
rotate before it is brought to a stop. The coefficient of
kinetic friction between the brake pad C and the wheel is
me = 0.5. The wheel’s weight is 25 1b, and the radius of
gyration about its center of mass is k = 0.6 ft.

=

Equilibrium: Referring to Fig. a,

T w ‘ ;
D
~

C+=ZMp = 0; Nc(1.5) — 0.5N(0.5) —30(4.5) =0
N
Nc = 1081b
Kinetic Energy and Work: Since the wheel rotates about a fixed axis, (wp),
v 20
= ( rA)l = 0375 53.33 rad/s. The mass moment of inertia of the wheel about its D"i’
A .
25
mass center is Iz = mgk® = 3272(0.62) = 0.2795 slug ft>. Thus, the initial kinetic
energy of the system is - D
= S
7’0'5N6 y K'
Ty=(Tar + (Tph A [5}{
zlm (v )2+ll (wp)? 3
5 Malva)t + Slp(@p)i N6

/ 3ft

el 30 [

() s

= 708.07 ft-1b

Since the system is brought to rest, T, = 0. Referring to Fig. b, B,, By, W, and N
do no work, while W , does positive work, and F,does negative work. When wheel B
rotates through the angle 6, W , displaces s4 = r 46 = 0.3756 and the contact point (a )
on the outer rim of the wheel travels a distance of sc = rg6 = 0.7560. Thus, the work

done by W, and Ff are

Uw, = W s4 = 50(0.3750) = 18.750

Ur, = —Fpsc = —0.5(108)(0.750) = —40.50

Principle of Work and Energy: =05 B)=54 /b

Tl + EUI*Z = T2 B\x Nc=/08/é
708.07 + [18.756 — 40.56] = 0

1rev
6 = 32.55 rad(i) = 5.18rev Ans.

2

(b)
A 4
Wjy=50 Ib
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18-30. The 100-1b block is transported a short distance by
using two cylindrical rollers, each having a weight of 35 Ib. If
a horizontal force P = 251b is applied to the block,
determine the block’s speed after it has been displaced 2 ft
to the left. Originally the block is at rest. No slipping occurs.

Tl + EUl*Z = Tz

R SO EEY R R )
vp = 5.05 ft/s Ans.
1001b
3516 | 351

P-25/b

>N
wl

P=251b

wsile)

wsile)

18-31. The slender beam having a weight of 150 1b is
supported by two cables. If the cable at end B is cut so that
the beam is released from rest when 0 = 30°, determine the
speed at which end A strikes the wall. Neglect friction at B.

In the final position, the rod is in translation since the /C is at infinity.

Tl + EU172:T2

1/ 150
+ S5 —175) = 2 o5 i
0 + 150(2.5 — 1.75) 2(32.2)1/6
vg = vy = 6.95ft/s Ans.
!
7
_
75-4

- :3'5ft
(

35 _
S—=I75f

1nitial Position

Final Position

~

\/D>

0 10ft

St
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*18-32. The assembly consists of two 15-1b slender rods B
and a 20-1b disk. If the spring is unstretched when 6 = 45°
and the assembly is released from rest at this position,
determine the angular velocity of rod AB at the instant
0 = 0°.The disk rolls without slipping.

Tl + EUl_zz Tz

LTS

k = 41b/it

[0 + 0] + 2(15)(1.5) sin 45° — %(4)[6 —2(3) cos 45°f = ZB G(n 2>( )2> }

wyp = 428 rad/s Ans.

I51b 151b

[55in@

18-33. The beam has a weight of 1500 1b and is being

raised to a vertical position by pulling very slowly on its

bottom end A. If the cord fails when 6 = 60° and the beam C
is essentially at rest, determine the speed of A at the instant

cord BC becomes vertical. Neglect friction and the mass of

the cords, and treat the beam as a slender rod. 7t

12 ft

Tl + EU172 = T2

0 + 1500(5.629) — 1500(2.5) = %(1500)( 6)

322
vg = vy = 1421t/s Ans.
T J-—-‘-—L/—""l—""
1,500 4 7??
’ 1,5004
36nR SQI%.
Fn oo Nash
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18-34. The uniform slender bar that has a mass m and a
length L is subjected to a uniform distributed load w,
which is always directed perpendicular to the axis of the
bar. If the bar is released from rest from the position shown,
determine its angular velocity at the instant it has rotated
90°. Solve the problem for rotation in (a) the horizontal
plane, and (b) the vertical plane.

a) Tl + EUI,Q = T2

[0] + A ’ [ " vy dx)(x dB) =%(%mL2>w2

us L2
/2 . do = 1mLZa)z
o 6

2

woL2<z) _ lmszz

2 \2 6

13 ( )
w = S Ans.
2 \m

Note: The work of the distributed load can also be determined from its resultant.

o L Wo )
L=wl{ = ) Z) =—"mL
Uiz = wo <z)<2> 2"
b) T1+2U172:T2
L 1/1
[0] + %WLZ + mg(5> =3 (5 mL2>w2

L 6
2_§W07T +mg()

@~ 2 mL 2mL
3mwy 38
=, ==+ == .
) > I Ans,

wo
y
L

d;ru). . L-)o

Ox ——-r&‘— a l
FS ;&9

| X S

Oy S=xdv
“\JC' ~

18-35. Solve Prob. 18-5 using the conservation of energy
equation.

Datum at lowest point.
T] + V] = T2 + V2

0 + 50(9.81)(1.25) = %[50(1.75)2](»2 +0

o = 2.83 rad/s Ans.

752

Mech.Muinﬂ%ngineer.Net




91962 08 s18 p0725-0778 6/8/09 4:20 PM Page 753 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*18-36. Solve Prob. 18-12 using the conservation of
energy equation.

Datum at lowest point through G.

T1+V1:T2+V2

0 + 60(9.81)(s sin 30°) =

[60(0.3)2](6)* + %(60)[(0.3)(6)]2 +0

N | =

s = 0.661 m Ans.

*18-37. Solve Prob. 18-32 using the conservation of B
energy equation.

Datum at lowest point.

T1+V1:T2+V2 b A
S A

0 + 2[15(1.5sin 45°)| = 2{% G (%)(3)2)(»&‘3} + %(4)[6 ~2(3cos45%) P + 0 k = 41b/ft

wyp = 428 rad/s Ans.

=Wy [ = 15 Wy g

Vg
Vp=yplie  Wp= 7;;6:“),45
:540&5
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18-38. Solve Prob. 18-31 using the conservation of energy
equation.

T1+V1:T2+V2

0 + 150(2.5) = %(%)v% + 150(1.75)

vG = 6.95 ft/s

Since the rod is in translation at the final instant, then

va = 6.95ft/s Ans.

18-39. Solve Prob. 18-11 using the conservation of energy
equation.

60—,
Datum at A.
G
T1+V1:T2+V2 T I.Sft/\
\ A o

0 + 150(1.5) = %{(%)(1.2)2}(}2 + %(%)(1.5@2 +0 '

® = 5117 rad/s .
30 ft

—

Time to fall:

s =59+ vt +%act2

1
30 =0+ 1.5(5.117) + 5 (32.2)¢
Choosing the positive root: t = 1.147 s
L5
6 = 90 + wot +Eact

0 =0+ 5.117(1.147) + 0 = 5.870 rad = 0.934 rev. Ans.
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*18-40. At the instant shown, the 50-Ib bar rotates CO__
clockwise at 2 rad/s. The spring attached to its end always
remains vertical due to the roller guide at C. If the spring
has an unstretched length of 2 ft and a stiffness of

k = 6 1b/ft, determine the angular velocity of the bar the k 4ft
instant it has rotated 30° clockwise.
b A
Datum through A. L ——
T,+V,=T,+V, ‘ 2 rad/s
| 6 ft |
1{1( 50 PRV | ) 1{1(50) 2}2
= == + — — - | = =
2 {3 (32.2)(6) }(2) 2 O =27 =513(322)J O J
1 2
+ 5(6)(7 —2)7 — 50(1.5)
o = 2.30rad/s Ans.
=501
W=501b E
W=50b
—~ Datum
&
A
( =30 (
65in30°=3ft 3sin30= 154t
*18-41. At the instant shown, the 50-b bar rotates C@if
clockwise at 2 rad/s. The spring attached to its end always
remains vertical due to the roller guide at C. If the spring has <
an unstretched length of 2 ft and a stiffness of k = 12 Ib/ft, S;
determine the angle 6, measured from the horizontal, to k:E 4ft
which the bar rotates before it momentarily stops. 33
A
]77
g ;
‘ 2rad/s
T, +Vi=T,+V, | 6 ft
11/ 50 2 1 1 .
NI e 22+ - (12)(4 =2 =0+~ (12)(4 + -2)% - i
2{3 (32.2)(6) }( ) 2( )( =0 2( )( 6sin @ )> — 50(3 sin 0)
61.2671 = 24(1 + 3 sin §)> — 150sin @
372671 = —6sin 6 + 216 sin® 0
Set x = sin 6, and solve the quadratic equation for the positive root: —Datum
sin = 0.4295
bsin8
0 = 254° Ans.
-
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18-42. A chain that has a negligible mass is draped over the
sprocket which has a mass of 2 kg and a radius of gyration of
ko = 50 mm. If the 4-kg block A is released from rest from
the position s = 1 m, determine the angular velocity of the
sprocket at the instant s = 2 m.

T1+V1:T2+V2

0+0+0= %(4)(0‘1 ) + %[2(0.05)2}02 — 4(9.81)(1)

® = 41.8rad/s Ans.

-

Im

18-43. Solve Prob. 18-42 if the chain has a mass per unit
length of 0.8 kg/m. For the calculation neglect the portion of
the chain that wraps over the sprocket.

T1+V]:T2+V2

0 — 4(9.81)(1) — 2[0.8(1)(9.81)(0.5)] = %(4)(0.1 w)? + %[2(0.05)2}(»2

+ %(0.8)(2)(0.1 w)? — 4(9.81)(2) — 0.8(2)(9.81)(1)

® = 39.3 rad/s Ans.

GL

: l 0B8N

©,=0 oO.lm o.m
. Datum
[~ 0-5m
im -— im
i —_—— m

ﬁ \0-6(2)(7-8I)N

498NN /1 ]
Y=,
EXoN[N)]

4¢9.81)N

Im
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*18-44. The system consists of 60-1b and 20-1b blocks A and
B, respectively, and 5-1b pulleys C and D that can be treated C
as thin disks. Determine the speed of block A after block B
has risen 5 ft, starting from rest. Assume that the cord does
not slip on the pulleys, and neglect the mass of the cord.

0.5 ft

Kinematics: The speed of block A and B can be related using the position A
coordinate equation.

0.5 ft
s+ 2sp =1 @

Asq+2As5=0  As, +2(5)=0  As, = —10ft = 10t}

Taking time derivative of Eq. (1), we have

UA+2'UB:0 g = _O.SUA

Potential Energy: Datum is set at fixed pulley C. When blocks A and B (pulley D) are

at their initial position, their centers of gravity are located at s, and s. Their initial

gravitational potential energies are —60s 4, —20sp, and —5s5. When block B (pulley

D) rises 5 ft, block A decends 10 ft. Thus, the final position of blocks A and B (pulley

D) are (s4 + 10) ft and (s — 5) ft below datum. Hence, their respective final

gravitational potential energy are —60(s, + 10), —20(sz — 5), and —5(sp — 5). VF
Thus, the initial and final potential energy are —_— .

V] = _60SA_20SB_5SB: _60SA_25SB 5;

Vy = —60(ss + 10) — 20(sg — 5) — S(sp — 5) = —60s,4 — 2555 — 475

Kinetic Energy: The mass moment inertia of the pulley about its mass center is \ R

1/°5
I; = > (m)(O.Sz) = 0.01941 slug - ft>. Since pulley D rolls without slipping,

wp = :LB = (1)% = 2ug = 2(—0.5v,) = —v,4. Pulley C rotates about the fixed point
D .

v v
hence wc = A= ﬁ = 2v,4. Since the system is at initially rest, the initial kinectic
rc .

energy is 71 = 0.The final kinetic energy is given by

1 1 1 1 1
T2 = EmAUE\ + EmBU%; + EmDU% + ElezD + EIG(.U%

1/60\,  1(/20 ) 1( 5 ) )
= () + 2 (25 (o + = 0.
2(32.2)”A 2(32.2)( 05va)" + 5 (355 )(70-5va4)

1 1
+ 2 (0.01941)(v)” + - (0.01941)(2v,4)°

= 1.0773v%
Conservation of Energy: Applying Eq. 18-19, we have
T, +V,=T,+V,
0 + (—60s, — 25s5) = 1.0773v% + (—60s, — 2555 — 475)

vy = 21.0 ft/s Ans.
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*18-45. The system consists of a 20-1b disk A, 4-1b slender
rod BC, and a 1-1b smooth collar C. If the disk rolls without
slipping, determine the velocity of the collar at the instant
the rod becomes horizontal, i.e., # = 0°. The system is
released from rest when 6 = 45°.

T1+V1:T2+V2

0 + 4(1.5sin 45°) + 1(3sin 45°) = %{%(%)(3)2}(%)2 + %(é)("c)z +0

ve = 133 ft/s Ans.
[ b 201b 41b | Ib
41b
\ =1 - Datum
<01lb
" 35in45°t
1.55in45%t
45 Datum
O
/> A Tore
: >V, =0
0.88t G/I
- 1c
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18-46. The system consists of a 20-1b disk A, 4-1b slender
rod BC, and a 1-Ib smooth collar C. If the disk rolls without
slipping, determine the velocity of the collar at the instant
6 = 30°.The system is released from rest when 6 = 45°.

Vp = OS(UA
_Ys_ _Y¢ _ VY
@BCT 15 T 2598 15
Thus,
Vp = Vg = 1'5wBC Ve = 2598wBC

wy = 1875 wWpc

T1+V1:T2+V2

0 + 4(1.5sin 45°) + 1(3 sin 45°)

_ %{%(%)(0.8)2}(1.875(936)2 + %(%)(1.5 wpc)’

4%{%(%)(3)2}0%% " %(%)(15‘036)2

1/ 1
+E(—)(2.59swm)2 + 4(1.5 5in 30°) + 1(3 sin 30°)

322

wpc = 1.180 rad/s

Thus,

ve = 2.598(1.180) = 3.07 ft/s Ans.

I'b I1b

1

— 3sin30°ft

" Sin45° .
335in4 ft "551_’,50}‘(

1.5 5in45°ft
Datum \J

Datum
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18-47. The pendulum consists of a 2-1b rod BA and a 6-1b
disk. The spring is stretched 0.3 ft when the rod is horizontal
as shown. If the pendulum is released from rest and rotates
about point D, determine its angular velocity at the instant
the rod becomes vertical. The roller at C allows the spring to
remain vertical as the rod falls.

{1 Q

ﬁ
=4

AAAAAAAAR

AAAAAAL =

center of gravity is located 1.25 ft below the datum. Its gravitational potential energy
at this positionis — 2(1.25) ft - Ib. The initial and final stretch of the spring are 0.3 ft
and (1.25 + 0.3) ft = 1.55 ft, respectively. Hence, the initial and final elastic

1 1
potential energy are (2)(03%) = 0.09 1b- ft and 5(2)(1.552) = 2.4025 1b- ft. Thus,

Potential Energy: Datum is set at point O. When rod AB is at vertical position, its
1ft

Vi=0091b-ft  V,=24025 + [-2(1.25)] = —0.0975 Ib- ft

Kinetic Energy: The mass moment inertia for rod AB and the disk about point O are

1/ 2\, 2 , ,
= —\ — + [ —— A = (. .

and

_1/6 2N )
(Up)o = 2<32.2)(0.25 ) = 0.005823 slug - ft

Since rod AB and the disk are initially at rest, the initial kinetic energy is 7; = 0.
The final kinetic energy is given by

1 1
T, = E(IAB)O o + E(ID)O“’Z

= %(0.1178) w? + %(0.005823) w?

= 0.06179 o*

Conservation of Energy: Applying Eq. 18-19, we have
Tl + Vl = T2 + VZ
0 + 0.09 = 0.06179 w® + (—0.0975)

w = 1.74 rad/s Ans.
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*18-48. The uniform garage door has a mass of 150 kg and
is guided along smooth tracks at its ends. Lifting is done using
the two springs, each of which is attached to the anchor
bracket at A and to the counterbalance shaft at B and C. As
the door is raised, the springs begin to unwind from the shaft,
thereby assisting the lift. If each spring provides a torsional
moment of M = (0.70) N-m, where 6 is in radians,
determine the angle 6, at which both the left-wound and
right-wound spring should be attached so that the door is
completely balanced by the springs, i.e., when the door is in
the vertical position and is given a slight force upwards, the
springs will lift the door along the side tracks to the horizontal
plane with no final angular velocity. Note: The elastic potential
energy of a torsional spring is V, = %k@z, where M = k6 and
in this case k = 0.7 N-m/rad.

Datum at initial position. W._._ 150 (9'8 | ) N
T] + V] = T2 + V2

0+ 2{%(0.7)03} + 0 =0+ 150(9.81)(1.5)

—

0y = 56.15 rad = 8.94 rev. Ans.

W=150(9.81)N 15m
Datum
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*18-49. The garage door CD has a mass of 50 kg and can be ‘ 2m

treated as a thin plate. Determine the required unstretched

S (@)

length of each of the two side springs when the door is in the
open position, so that when the door falls freely from the open
position it comes to rest when it reaches the fully closed position, lm
i.e., when AC rotates 180°. Each of the two side springs has a
stiffness of & = 350 N/m. Neglect the mass of the side bars AC. 1
B

T] + V] = T2 + V2
1 2 1 2
0+ 2|3 (350)(¥1)* | = 0+ 2| 2 (350)(x, + 17 |=50(9.81)(1)
x; = 0201 m

Thus,

I, =05m — 0201l m = 299 mm Ans.

50(9.81)N -

Dahlm%L =

05m £o@ 8N

>
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18-50. The uniform rectangular door panel has a mass of o
25 kg and is held in equilibrium above the horizontal at the
position 6 = 60° by rod BC. Determine the required
stiffness of the torsional spring at A, so that the door’s
angular velocity becomes zero when the door reaches the
closed position (f = 0°) once the supporting rod BC is
removed. The spring is undeformed when 6 = 60°.

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the panel at positions (1) and (2) is

(Vi = W(ye) = 25(9.81)(0.6 sin 60°) = 127.44

(Ve = W(ye): = 25(9.81)(0) = 0

Since the spring is initially untwisted, (V,); = 0. The elastic potential energy of the

spring when 0 = 60° = %rad is

1, 1 772_772
Vo= 340 =203 ) = Tk

Thus, the potential energy of the panel is

Vi= (Vi + (Vo = 12744 + 0 = 127.44]

. Datum

2 2

w T
V2= (Vg)2+ (Ve)zz 0 +Ek :Ek

Kinetic Energy. Since the rod is at rest at position (1) and is required to stop when it (a )
is at position (2),7T; = T, = 0.

Conservation of Energy.

T1+V1:T2+V2

)
0+ 12744 =0+ —k
18

k =232N-m/rad Ans.
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18-51. The 30 kg pendulum has its mass center at G and a
radius of gyration about point G of kg = 300 mm. If it is
released from rest when 6 = 0°, determine its angular
velocity at the instant § = 90°. Spring AB has a stiffness of
k = 300 N/m and is unstretched when 6 = 0°.

(V)i = W(ye) = 30(9.81)(0) = 0

(Ve)r = ~W(y6), = —30(9.81)(0.35) = —103.005

Since the spring is unstretched initially, (V,); = 0. When 6 = 90°, the spring
stretches s = AB — A'B = V0.45% + 0.6> — 0.15 = 0.6 m. Thus,

1 2 1 2
(Vo) = S ks” = E(300)(0.6 ) =547

and

0

Vi= (Ve + (Vo

Vo= (V)o + (V,), = —103.005 + 54 = —49.005 J

Kinetic Energy: Since the pendulum rotates about a fixed axis, vg = wrg = (0.35).
The mass moment of inertia of the pendulum about its mass center is
Ig = mkg? = 30(0.32) = 2.7 kg - m% Thus, the kinetic energy of the pendulum is

T

1 1
5 mvg 2+§IG(1)2

1 1
E(30)[w(o.35)]2 + 5(2.7)(02 = 3.1875w>

Conservation of Energy:
Tl + Vl = T2 + V2
0 + 0 = 3.1875w” — 49.005

o = 3.92rad/s Ans.

0.45m
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k = 20 Ib/ft

attached to a spring having a stiffness of k = 20 Ib/ft. If the
plate is released from rest when 6 = 0°, determine its
angular velocity when 6 = 90°. The spring is unstretched
when 6 = 0°.

*18-52. The 50-Ib square plate is pinned at corner A and ] I‘z c

Potential Energy: With reference to the datum shown in Fig. a, the gravitational
potential energy of the plate at position (1) and (2) is —r g

<Vg)1 = W(ye)1 = 50(0) =0

<Vg)2 = —W(ys)>» = —50(1 cos 45°) = —=35.361b-ft

Since the spring is initially unstretched, (V,); = 0. When the plate is at position (2), 1 ft
the spring stetches s = BC — B'C = 2[1 cos 22.5°] — 2(1 cos 67.5°) = 1.082 ft.
Therefore,
(V.), = Lo = 1(20)(1 0822) = 11.721b - ft
e)2 2 2 . .
Thus,

Vi=(Vehi +(V.)i=0+0=0
Vo= (V)o + (V), = —3536 + 11.72 = —23.64 ft - Ib

Kinetic Energy: Since the plate rotates about a fixed axis passing through point A,

e . 1
its kinetic energy can be determined from 7 = 51 4 0%, where

1/ 50 30
=—— {12+ 13)+ —q(1 45°)2 = 1. lug - f2
4 12(32.2)( ) + 355 (1cos 4597 = 1.035 slug- ft

Thus,

1
T==-1,0%= 5(1.035)(»2 = 0.51760*

Since the plate is initially at rest 7y = 0.

Conservation of Energy:

Tl + Vl = Tz + V2
0+ 0 = 0.51760* — 23.64

® = 6.76 rad/s Ans.
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*18-53. A spring having a stiffness of & = 300 N/m is
attached to the end of the 15-kg rod, and it is unstretched
when 0 = 0°. If the rod is released from rest when 0 = 0°,
determine its angular velocity at the instant § = 30°. The
motion is in the vertical plane.

k=

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the rod at positions (1) and (2) is

(V)i = W(yeh = 15(9.81)(0) = 0
(Vie)r = ~W(r6), = —15(9.81)(0.3 sin 30°) = —22.0725J

Since the spring is initially unstretched, (V,); = 0. When 6 = 30°, the stretch of the
spring is sp = 0.6 sin 30° = 0.3 m. Thus, the final elastic potential energy of the

spring is
q
(v.), = %ksp2 = %(300)(0.32) =135 Datum %
@9):) @G >
Thus, SP Y
0:3m
Vi=WVeh + (V) =0+0=0 —
Vo= (Vo + Vo), = —22.0725 + 135 = —8.5725] 0:3m
@

Kinetic Energy: Since the rod is initially at rest,7y = 0. From the geometry shown in
Fig. b, rg/ic = 03 m. Thus, (V) = worgic = w; (0.3). The mass moment of inertia

1 1
of the rod about its mass center is I = D) ml® = 5(15)<0.62> = 0.45 kg - m?. Thus,

the final kinetic energy of the rod is

1 1
T, = Em(VG)ZZ + Elawzz

= %(15)[&)2(0.3)]2 + %(0.45)(»22

= 0.9w,>

Conservation of Energy:

Tl + Vl = Tz + V2
0+ 0=09w,> — 85725

wy = 3.09 rad/s Ans.
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18-54. If the 6-kg rod is released from rest at 6 = 30°,
determine the angular velocity of the rod at the instant
6 = 0°.The attached spring has a stiffness of k& = 600 N/m,
with an unstretched length of 300 mm.

Potential Energy: With reference to the datum in Fig. a, the gravitational potential

energy of the rod at positions (1) and (2) is /\/ k = 600 N/m

(Vg)1 = —W(ys) = —6(9.81)(0.15 sin 30°) = —4.4145] 200 mm
(Vo) = W(re)s = 6(981)(0) = 0

The stretch of the spring when the rod is in positions (1) and (2) is
51 = B'C — Iy = V037 + 0.4 — 2(0.3)(0.4) cos 120° — 0.3 = 0.3083 m and 200 mr\“/

s, = BC — [, = V0.3% + 04°> — 0.3 = 0.2 m. Thus, the initial and final elastic
potential energy of the spring is

(Vo) = %ksf = %(600)(0.30832> = 28510
(Vo) = %ksf = %(600)(0.22) =127
Thus,

Vi= Vo + (Vo)1 = —4.4145 + 28,510 = 24.096 J

V2 = (Vg)Z + (Ve)Z =0+ 12=121J

Kinetic Energy: Since the rod rotates about a fixed axis passing through point B, its

1
kinetic energy can be determined from T = = I g where
_1 2 2\ = 2
Iy = 5(©(0.7°) + 6(0.15°) = 0.38kg*m

Thus,

1 1
T = EIBa)Z = 5(0.38)(92 = 0.19¢?

Since the rod is initially at rest, 7y = 0.
Conservation of Energy:
T,+V,=T,+V,
0 + 24.096 = 0.190” + 12

® = 7.98 rad/s Ans.
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18-55. The 50-kg rectangular door panel is held in the
vertical position by rod CB. When the rod is removed, the
panel closes due to its own weight. The motion of the panel
is controlled by a spring attached to a cable that wraps
around the half pulley. To reduce excessive slamming, the
door panel’s angular velocity is limited to 0.5 rad/s at the
instant of closure. Determine the minimum stiffness k of
the spring if the spring is unstretched when the panel is in
the vertical position. Neglect the half pulley’s mass.

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the door panel at its open and closed positions is

(V)i = W(ye) = 50(9.81)(0.6) = 294.3]

(Ve)o = W(ye)n = 50(9.81)(0) = 0

Since the spring is unstretched when the door panel is at the open position,
(V)1 = 0. When the door is closed, the half pulley rotates through and angle of
0= grad.Thus, the spring stretches s = rf = 0.15(%) = 0.0757 m. Then,

(Z/‘),=o.ém

1., 1 2 _ 2 Datum
Vo) = 5 ks® = > k(0.0757)” = 0.00281257" k (a)

Thus,
Vi= (Vi + (V) = 2943 + 0 = 29437

Vv, = (Vg)2 + (V,), = 0 + 0.00281257%k = 0.00281257°k

Kinetic Energy: Since the door panel rotates about a fixed axis passing through

1
point A, its kinetic energy can be determined from 7' = > I 4 &?, where
_1 2 2) — 2
T4 =15 (50)(1.2°) + 50(0.6°) = 24kg*m

Thus,

1
T==1,0"= 5(24)w2 = 120?

1
2
Since the door panel is at rest in the open position and required to have an angular
velocity of w = 0.5 rad/s at closure, then
T, =0 T, = 12(0.52) = 37

Conservation of Energy:

Tl + Vl = T2 + V2

0 + 294.3 = 3 + 0.00281257°k

k = 10494.17 N/m = 10.5 kN/m Ans.
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*18-56. Rods AB and BC have weights of 15 Ib and 30 1b,
respectively. Collar C, which slides freely along the smooth
vertical guide, has a weight of 5 Ib. If the system is released A
from rest when 6 = 0°, determine the angular velocity of
the rods when 6 = 90°. The attached spring is unstretched
when 6 = 0°.

k =20 1b/ft

1.5
Potential Energy: From the geometry in Fig. a, § = sin™! (?) = 30°. With
reference to the datum, the initial and final gravitational potential energy of the
system is
(Vg)l = Wap o)1 = Wae (V21 = We (Yaah c

15(0) — 30(1.5 cos 30°) — 5(3 cos 30°)

—51.96 ft - 1b

(Vg)Z = ~Wup (Y612 = Wae (Ve2)2 = We (Vo3)2

= —15(0.75) — 30(3) — 5(4.5)

—123.75ft-1b

Since the spring is initially unstretched, (V,); = 0. When 6 = 90°, the spring
stretches s = 4.5 — 3 cos 30° = 1.902 ft. Thus,

— 1 2 _ 1 2\ _
(Vo = 5 ks = - (20)(1.902%) = 36.17 ft-Ib

And,
Vi=(Vh + (V) = =51.96 + 0 = —51.96 ft-Ib
Vo= (V) + (V), = —123.75 + 36.17 = —87.58 ft - b
Kinetic Energy: Since the system is initially at rest 7y = 0. Referring to Fig. b,
_ (g _ (w4p)(15)

(vB)2 = (wap)2 78 = (wap)2(1.5). Then (wpc), = — 3 = 0.5(w4p)-

Datum

.54t

) )
% (”’J&L | 5§t

(), X "e/se

: ‘ |54+
S 732/2
4 A I
G3 (b)
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*18-56. Continued

Subsequently, (ch)z = ((J)Bc)z er/Ic = OS((,UAB)z(lS) = 0'75(wAB)2' Since point C
is located at the IC, v¢ = 0. The mass moments of inertia of AB about point A and
1

1/ 15
BC about its mass center are ({45)4 = gml2 =3 (3272><1.52) = 0.3494 slug/ft?

12 12 \32.2
energy of the system is

1 1 /(30
and (Ipc)ge = —=ml* = — (7)(32) = 0.6988 slug/ft>. Thus, the final kinetic

T,

1 1 1
=5 (Iap)a (@ap)2* + {5 mpc (vgo)* + 5 (Ipc)c2 (“’BC)ZZ} + 5 me ve?

%(0.3494)(%,3)22 + P (ﬂ)[o.ﬁ(w/w)z}z + %(0.6988)[0.5(%3)2]2} +0

2\322

0.5241(w 1),

Conservation of Energy:
T] + Vl = T2 + V2

0 — 51.96 = 0.5241(w4p),> — 87.58

(wap)y = 8244 rad/s = 8.24 rad/s Ans.
Thus,
(wpc)r = 0.5(8.244) = 4.12 rad/s Ans.
¢18-57. Determine the stiffness k of the torsional spring at
A, so that if the bars are released from rest when 6 = 0°,
bar AB has an angular velocity of 0.5 rad/s at the closed

position, # = 90°. The spring is uncoiled when 6 = 0°. The
bars have a mass per unit length of 10 kg/m.

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the system at its open and closed positions is

(Vg)l = Wag (o)1 + Wae Voot
= 10(3)(9.81)(1.5) + 10(4)(9.81)(1.5) = 1030.5J

(Vg)Z = Wag(yo1)2 + Wae (Y62)2

= 10(3)(9.81)(0) + 10(4)(9.81)(0) = 0
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¢18-57. Continued

Since the spring is initially uncoiled, (V,); = 0. When the panels are in the closed

position, the coiled angle of the spring is 6 = %rad. Thus,

R B A
(V€)2—2k0 72k(2) = 8k

And so,

Vi= (Vi + (V) = 10305 + 0 = 10305

772

2
w
Va= (Vo + (Vo =0+ ok =k

Kinetic Energy: Since the system is initially at rest, T; = 0. Referring to Fig. b,

1.
) 75 = 0375 rad/s.

(vg)2 = (wap)2rp = 0.5(3) = 1.5m/s. Then, (wpc), =
rp/ic

Subsequently, (vg), = (wpc)2Fgorc = 0.375(2) = 0.75 m/s. The mass moments of
inertia of AB about point A and BC about its mass center are

[10(3)](3?) = 90 kg - m?

(SR

1
(Uap)a = g ml* =

and

1 1
(Inc)or = 5 ml* = 15 [10@4)](#) = 5333 kg - m

Thus,

1 1 1
T, = E(IAB)A (wap)2® + {5 mpc(ver)® + 5 (Ipc)c2 (ch)zz}

= %(90)(0.52) + B [10(4)](0.75%) + %(53.33)(0.3752)}

=2625]

Conservation of Energy:

T1+V1:T2+V2

)
0 + 1030.5 = 26.25 + ?k

k = 814 N-m/rad Ans.

L 3m 1l 4m

A

/ le/rc JC

<7 y
A c
( l)'=( =/. . 'w;()
% Z:::—s—m ) 175 —— —— ('WA-BZ’: 0'5,‘”/; ( - I :;2 Zx '
m é“ . 6[2/ (VB)gJ CVGZ)L
@ (b)
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k = 900 N - m/rad and is uncoiled when # = 0°. Determine
the angular velocity of the bars, AB and BC, when 6 = 0°,if
they are released from rest at the closed position, § = 90°.
The bars have a mass per unit length of 10 kg/m.

18-58. The torsional spring at A has a stiffness of \B /\

4m

Potential Energy: With reference to the datum in Fig. a, the gravitational potential
energy of the system at its open and closed positions is

(Vg)l = Wug (o)1 + Wae (Vo)1
= 10(3)(9.81)(0) + 10(4)(9.81)(0) = 0

(Vg)Z =Wag(Yo1)2 * Wae (V62)2
= 10(3)(9.81)(1.5) + 10(4)(9.81)(1.5) = 1030.05 ]

When the panel is in the closed position, the coiled angle of the spring is 6 = % rad.

Thus,

1, 5, 1 ™ 2, 2
Vo = Zke = 2(900)( 2) = 112.57%]

The spring is uncoiled when the panel is in the open position (§ = 0°). Thus,

(Ve =0 4
And so, —
Vi= (Vi + (V)1 = 0 + 112577 = 112,577 ) (%')z’(%*)z’l'ﬁ"
V, = (Vg)z + (V,), = 1030.05 + 0 = 1030.05J Datum /624 :@
Kinetic Energy: Since the panel is at rest in the closed position, 7; = 0. Referring to (a)

Fig. b, the IC for BC is located at infinity. Thus,

((,L)Bc)z =0 Ans.
Then,

(vg)2 = (v)2 = (©wap)27p = (wap)2(3)

The mass moments of inertia of AB about point A and BC about its mass center are

=L~ Lo)(#) = 90kge O
(Lap)a = 3ml* =3 [10(3)](3?) = 90 kg~ m 2
and 3m
(Upc)a = %ml2 = 11—2 [10(4)](4?) = 5333 kg~ m? (Ww)j
—

Thus,

1
T,= E(IAB)A(‘”AB)ZZ + EmBC(VGZ)Z

SO0 @ag)” + 5 10 a2

225(“’,43)22
Conservation of Energy:
T )+ V=T, +V,
0 + 112.572 = 225(w4p),> + 1030.05

(wap)2 = 0.597 rad/s Ans.
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18-59. The arm and seat of the amusement-park ride have
amass of 1.5 Mg, with the center of mass located at point G;.
The passenger seated at A has a mass of 125 kg, with the
center of mass located at G, If the arm is raised to a position
where 6 = 150° and released from rest, determine the speed
of the passenger at the instant # = 0°. The arm has a radius of
gyration of k;; = 12 m about its center of mass G;. Neglect
the size of the passenger.

Potential Energy: With reference to the datum shown in Fig. a, the gravitational
potential energy of the system at position (1) and (2) is

Vi= (Vg)l = Wiy + Wa(ye

= 1500(9.81)(4 sin 60°) + 125(9.81)(20 sin 60°)

= 72213537

Vo= (Vg)Z = =Wi(e1)2 = W2 (y62)2

—1500(9.81)(4) — 125(9.81)(20)

—83385J

Kinetic Energy: Since the arm rotates about a fixed axis passing through B,
Vg1 = wrg; = w(4) and vg, = wrg; = »(20). The mass moment of inertia of the
arm about its mass center is I, = m k% = 1500(122> = 216 000 kg - m%. Thus, the
kinetic energy of the system is

1 1 1
T = {5 my(vg)® + Elclwz} + Emz(vc;z)2

{%(1500)[60(4)]2 + %(216 000)64 + %(125)[(0(20)]2

145 0000? G:
—

Since the system is initially at rest, 7; = 0.

Conservation of Energy: (446&) ’=2 0Sin6o’m
Tl + Vl = T2 + V2

0 + 72213.53 = 145 000w® — 83 385

Datum : \@6’): =4 singo’m

o = 1.0359 rad/s

v = wr = (1.0359 rad/s)(20 m) = 20.7 m/s

l(’%,) L=20M

Gz

@

773

oyl abﬁﬁ- clyilSyall il



91962 08 s18 p0725-0778 6/8/09 4:31 PM Page 774 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

18-60. The assembly consists of a 3-kg pulley A and 10-kg
pulley B. If a 2-kg block is suspended from the cord,
determine the block’s speed after it descends 0.5 m starting
from rest. Neglect the mass of the cord and treat the pulleys
as thin disks. No slipping occurs.

T1+V1:T2+V2

[0+0+0]+][0]= %{%(3)(0.03)2}0%4 + %B (10)(0.1)2}1;%; + %(2)(%)2 — 2(9.81)(0.5)

Ve = wp (01) = 0.03 (O}

Thus,
wg = 10 vc
o = 33.33vc
Substituting and solving yields,
ve = 1.52m/s Ans.

¢18-61. The motion of the uniform 80-Ib garage door is
guided at its ends by the track. Determine the required
initial stretch in the spring when the door is open, 8 = 0°,so
that when it falls freely it comes to rest when it just reaches
the fully closed position, § = 90°. Assume the door can be
treated as a thin plate, and there is a spring and pulley
system on each of the two sides of the door.

k =91b/it
(@W

sq+ 25, =1 ol
Asy4 = —2As,
8ft = —2As; s
As, = —4ft

T +V, =T, +V,
Lo o+
0+2[30)2| = 0 - 804y + 2 04 + 97|

952 = =320 + 9(16 + 8s + 5°)

s = 2441t Ans.
w=80Ib
S, |
Dotum - L
Y
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0 = 30°. The spring is originally stretched 1 ft when the
door is held open, 8 = 0°. Assume the door can be treated
as a thin plate, and there is a spring and pulley system on
each of the two sides of the door.

18-62. The motion of the uniform 80-lb garage door is k = 91b/ft
guided at its ends by the track. If it is released from rest at N e W
6 = 0°, determine the door’s angular velocity at the instant C
1 )
Y

8 ft

S 8ft B
Sqt+ 2s, =1
Asy = —2As; N
41t = —2As,
As, = —2ft

T, + V=T, +V,
04230007 | = 1 (o )t + 3 |5 (s ) o7 - 8004 5in30%)

+ 2{% 92 + 1)2}

o = 1.82rad/s Ans.

3

27

39
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18-63. The 500-g rod AB rests along the smooth inner
surface of a hemispherical bowl. If the rod is released from
rest from the position shown, determine its angular velocity
at the instant it swings downward and becomes horizontal.

Select datum at the bottom of the bowl.
0.1

—un =) = o

6 = sin ( 0. 2) 30

h = 0.1 sin 30° = 0.05

CE = V(02> — (0.1)> = 0.1732m

ED =02 — 0.1732 = 0.02679

T\ +V, =T+ V,
0 + (0.5)(9.81)(0.05) = %{11—2 (0.5)(0.2)2}0)3,3 + %(05)%)2 + (0.5)(9.81)(0.02679)

Since vg = 0.1732w 43

wyp = 3.70 rad/s Ans.
C
. 1cC
0; e O1732m
E K, _=02m
= ';/1 = 02m B/1c
D
o-lm
Y Ve Was
)
T 7
o.|m '(}[5
*18-64. The 25-1b slender rod AB is attached to spring BC B

which has an unstretched length of 4 ft. If the rod is released
from rest when 6 = 30°, determine its angular velocity at
the instant § = 90°.

k= 51b/ft
4ft

1= V(@42 + (4)% — 2(4)(4) cos 150° = 7.727 ft
4ft |

T1+V]:T2+V2 !

0 + 25(2) sin 30° + %(5)(7.727 — 42 = %E (%)(4)2}02 + 25(2)

+ %(5)(4\/2 — 4y

o = 1.18 rad/s Ans.
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¢18-65. The 25-1b slender rod AB is attached to spring BC B
which has an unstretched length of 4 ft. If the rod is released
from rest when 0 = 30°, determine the angular velocity of
the rod the instant the spring becomes unstretched.

k = 51b/it

4 ft

I=V(4)P + (4 — 2(4)(4) cos 150° = 7.727 ft

T1+V1:T2+V2 I 4 ft |
0 + 25(2) sin 30° + 1 (5)(7.727 — 4)? = 1 F (Q)@)Z} 2 + 25(2)(sin 60°) + 0
. 2 N T 203\322 @ '

o = 2.82rad/s Ans.

18-66. The assembly consists of two 8-1b bars which are pin
connected to the two 10-1b disks. If the bars are released
from rest when 6 = 60°, determine their angular velocities
at the instant # = 0°. Assume the disks roll without slipping.

wAp = WpC

T1+V1:T2+V2

[0] + 2(8)(1.5 sin 60°) = 2B (%)(%)(3)2 wz} + [0]
® = 5.28 rad/s Ans.

Ica]?_qr__ l: Jfgﬁ\%tt

Wy = 3idkg W

18-67. The assembly consists of two 8-1b bars which are pin
connected to the two 10-1b disks. If the bars are released from
rest when 6 = 60°, determine their angular velocities at the
instant # = 30°. Assume the disks roll without slipping.

Va
wp =05 va = wup(15)
wp = 3wAB Vg = 1'5wAB

T1+V1:T2+V2

[0 + 0] + 2[8(1.5 sin 60°)]

o {2 (5 )05 bGoasr + 2 (5 Jiwas 1507

- %(%)(1.5%3)2 + %{% <%>(3)2}(w/‘3)2} + 2[8(1.5 sin 30°)]

wyp = 221 rad/s Ans.
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*18-68. The uniform window shade AB has a total weight of M
0.4 1b. When it is released, it winds up around the spring-loaded )\B
%)) S

core O. Motion is caused by a spring within the core, which is
coiled so that it exerts a torque M = 0.3(1073)6 Ib - ft, where
6 is in radians, on the core. If the shade is released from rest,
determine the angular velocity of the core at the instant the
shade is completely rolled up, i.e., after 12 revolutions. When 3 ft
this occurs, the spring becomes uncoiled and the radius of
gyration of the shade about the axle at O is kp = 0.9 in.
Note: The elastic potential energy of the torsional spring is
V. = k6 where M = k6 and k = 0.3(107%) Ib - ft/rad.

Al L
(2)? = (6)> + (CD)?* — 2(6)(CD) cos 15°
CD? — 11.591CD + 32 = 0 2 Q{
Selecting the smaller root: 1
: c 20t
CD = 4.5352 ft b ‘

TitVi=T,+V, 7‘;‘59 6 J/?

0+0=0+2 %(k)(S — 4.5352)% | — 200(6)

k = 100 1b/ft Ans.

18-69. When the slender 10-kg bar AB is horizontal it is at A B k c
rest and the spring is unstretched. Determine the stiffness k D)
of the spring so that the motion of the bar is momentarily

stopped when it has rotated clockwise 90°.

T1+V1:T2+V2

0+0=0+ %(k)(3.3541 — 1572 — 98.1(%)

k = 428 N/m Ans.

778

Mech.Muinﬂ%ngineer.Net





