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Engineering Mechanics - Dynamics Chapter 18

Solution:

Guess 0f = 1 deg

Given %1,;(002 - (W] + Wg)dcos(&o) = —(W/ + Wg) a’cos(B/)

6 = Find(6)) 6r= 39.3 deg

Problem 18-47

The compound disk pulley consists of a hub and attached outer rim. If
it has mass m), and radius of gyration k., determine the speed of block

A after A descends distance d from rest. Blocks 4 and B each have a
mass m,,. Neglect the mass of the cords.

Given:
mp = 3 kg ri = 30 mm mp = 2 kg

kg = 45 mm 1, = 100 mm

d=00m g=081=

2
s
Solution:
m
Guess vg=1—
s
Given
1 1 T * 1 VA £ ri
0+0= —mbv,;2 +—my —Iv,q + -(mpkcz) — | —mpgd+my = ld
2 2 o 2 r, ro

vq = Find(ve)  wq= 1.404%
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R2-1. At a given instant, the wheel is rotating with the
angular motions shown. Determine the acceleration of the
collar at A at this instant.

Dy =dg +®ap X Tars +@ay X (Wap X Tasp)

vp = 8(0.150) = 1.20 mis

1.20
Wap = -—O—S(XT =4.156? rad/s
('ﬁ )
dy = 16(0.150) + (8)*(0. 150} + a2 (0,500} + (4.1569)%(0.500)
. L e & &

0= 1.24/3 = 4.8 = 0.250c45 — 4.32V3
ay =12+ 383 + (0.250v3)aps ~ 4.32
ayp = —20.8 radfs’

ay = -125 mis® =125 m/s? — Ans




19-23. Theinner hub of the wheel rests on the horizontal
track. If it does not slip at A, determine the speed of the
10-Ib block in 2 s after the block is released from rest.
The wheel has a weight of 30 Ib and a radius of gyration
kg = 1.30 ft. Neglect the mass of the pulley and cord.

Spool,

Block,
b m), + I[E dtmomiy,),

10

041 - -
A2 - N2) 723"

vp = 34.0 fUs Ans

Tealdn

*19-32. The double pulley consists of 1wo wheels which
are attached to one another and 1 1 ot the same rate.
The pulley has a mass of 30 kg a: ! a radius of gyration
ko = 250 mm. If two men A and 5 grab the suspended
ropes and step off the ledges at the same time, determine
their speeds in 4 s starting from rest, The men A4 and B
have a mass of 60 kg and 70 kg, respectively. Assume they
do not move relative to the ro; ¢ ' ring the motion.
Neglect the mass of the rope.

¢ o)y + I Mot = (#,),

@ = 473 rad/s
v, = 0.3%(4.73) = 1.66 m/s Ans
vy = 0215(4.73) = 1.30 m/s Ans

0 + 588.6(0.350)(4) ~ 686,7(0.275)(4) = 30{0.25)*

o.778

Oy

Tean GBI

"
304,
j T i ‘3;‘?
(CICANES I A T AN .éu ’9@& @-’"
1
> e

30 30
0+ T(3)(2) = [ . Ys
D = (555013 *35230°) ;)

0,350 v

Oz

0350w

@ + 6(035w)(0.35) + 70(0.275a0)(0.27¢

\u)

0275

o950



R2-30. Solve Prob. R2-29 if a 40-Ib
from the cord at A, rather than apply

< is suspended |
~¢ 40-1b force. ]

Block :

8 mv, +Z[Fdr =,

40
0+ 4(3) - T(3) = 323%4 )

Spoot :

D v, +E[Pdr = my,

0-07'(3)—30(3)-'1"3)--3311
, ( 32370

(% (Ho) + I Modt = (R,

30 2
0 - T(0.5)3 + T(1)3 = (553069 @

Kinematics,

¥, = 05w

v, = L3

Solving,

T - 1551

T=2061
©=BSnas  Am
Vo = 19.7 fi/s

v, = 59.2 R/

Also,

() (Hie)y + T My dr = (Hye),

') Jﬁ‘%
©. G @
RS I B

1
3o

0 + T°(1L5)(3) - 30(0.5)(3) = (;%mas)’ + %(03)’)0

Sincev, = 1.50, then with Eq. (1) we get

@ = 395 mad/s Ans



18-58. At the instant shown, the 50-ib bar is rotating
downwards 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, determine the angle 6, measured below
the horizontal, to which the bar rotates before it

momentarily stops.

<
il sm& ERCRO
ad Gk

h+¥ =T+

lrig 50 ! 1
’2‘{5[5‘2,‘2‘)(6)2](2)2 +5(12)(4=2) = 0+ (12)(4 + 6sinf - 2)" - S0(3sin6)

61.2671 = 24(1 + 3sin8)* — 150§in6 ~

37.2671 = —6sin8 +216sin*H

Set x=sinf, and solve the quadratic equation for the positive root :
sin@ = 0.4295

B=25.4° Ans



*18-32, Pulley A weighs 15 Ib and has a radius of
gyration of ko, = 0.8 ft. If the system is released from rest,
determine the velocity of the center O of the pulley after
the 10-1b block moves downward 4 ft. Neglect the mass
of the pulley at B.

v v
m:——i:—a.
Tonc  Taic
Vo Vo _ Uy
0=—=2vu, — = —, Uy =3v,.
s 05 1§ * T

Principle of Work and Energy ; The mass moment of inertia of the pulley

_ 15
about point Qs 7, =")‘r‘1£'§_ = 13—7'3 }( 0.8%) =0.2981 slug - f*. Applying Eq.

18 - 13, we have

e U L=h
0+ W s 1: 2. b, o 1. 5
"’"'s-‘a_Wpso=imxvp+'2'mrvo+§’ow
1710 1/ 15 1
O+ 10(4) - 15(1.323) = - —— e | Romc PN PR 2
(4)-15(1.323) 2(32'2)(390) +2(32.2)v0+2(0,2981)(200)

vV, =3.00 ft/s Ans



The motoreycle shown in Fig. 17-11a has a mass of 125 kg and a center
of mass at ;. while the rider has a mass of 75 kg and a center of mass
at G-, Determine the minimum coefficient of static friction between
the wheels and the pavement in order for the rider to do a “wheely.”
i.c., lift the front wheel off the ground as shown in the photo. What
acceleration 1s necessary 1o do this? Neglect the mass of the wheels
and assume that the front wheel is free to roll.

0.3m
1
L

.6m

e 0.7 m—eiA
& 04m 04m (L7 m
(a)

d4m 0.dm Ny=0

Ny
Equations of Motion.

5 SF = mlag)y;  Fy = (75kg + 125kg)ag
+13F, = m(ag)y; Np— 73575N = 122625N =0

(1)

C+IMy = S(Mp)p; —(73575N)(04 m) — (122625N)(0.8 m) =

—(75 kg a;)(0.9m) — (125 kg a;)(0.6 m)
Solving.
ac = 895m/s’ —
Ny = 1962 N
Fi= 1790 N
Thus the minimum cocfficient of static friction is
_Fy  1790N

2 Jiin = = — = ().912
(iu'.»)mm Ny 1967 N

Il

2)

Ans.

Ans.



SAMPLE PROBLEM 16.2

The thin plate ABCD of mass S kg is held in the position shown by the wire
BH and two links AE and DF. Neglecting the mass of the links. determine
immediately after wire BH has been cut (@) the acceleration of the plate,
() the force in each link.

SOLUTION

x
S0
4 A =
P ,:“» ~ 300 60 \/H : .
Bomm oDt L
\"”/,/
K .*‘-25(’11:111"1
= -~ 250) mm—-| 2 A 2
o A i
W 100 min n. |
o - : P : : _,(;
} b 4 A Y
Ko ‘3()"'\"(" 200 mm 100 mm ) p'/l‘/"’u
. \13‘( : { 1 c
30°7 AL o/
D ts iy
a. Acceleration of the Plate.
+’ IF, = 2(F,)eir:
W cos 30° = ma
mg cos 30° = ma
@ = g cos 30° = (9.81 m/s?) cos 30° {1
a = .50 /st 3 60

b. Forces in Links AF and DF.

+R3IF, = E(F)er: Fyp + Fpp — Wsin 30° = 0
+JEMe = 2(Me)o
(Fyp sin 3095250 mm)} — {(Fyp cos 30°)(100 mm)
< (Fpp sin 303250 mm ! + (Fpy cos 30°)} 100 mm) = 0
384Fy + 211.6F,; = 0
Fpp = —0.1815F {3

-

Substituting for Fpy from (3} into (2), we write
Fyp — 0.1815F; — W sin 30° = 0
Fyp = 0.6109W

Fpp = —0.1815(0.6109W) = —0.1109W
(8 kg)(9.81 m/s*) = 75.48 N, we have

0.6109(75.45 N) Foo= STON T
—-0.1109(75.48 N) Fop = 8570 N (

Noting that W = mg

i

Fag

5
Fpe



18-30. The assembly consists of two 15-1b slender rods
and a 20-1b disk. If the spring is unstretched when = 45°
and the assembly is released from rest at this position,
determine the angular velocity of rod AB at the instant
6 = 0°. The disk rolls without slipping.

T1 +ZU|..2 = Tz

[0+ 0] + 2(15)(1.5) sin 45° — -;-(4)[6 ~2(3)cos45°)

=21 (115 Y o92) 2
‘2[2(3(3_272')(3))“’38]

wap = 4.28 rad/s Ans

1843. The 50-1b wheel has a radius of gyration about '
its center of gravity G of kg = 0.7 ft. If it rolls without
slipping, determine its angular velocity when it has
rotated clockwise 90° from the position shown. The spring
AB has a stiffness & = 1.201Ib/ft and an unstretched

length of 0.5 ft. The wheel is released from rest. h+Vi=L+v

1 . :
0+ S(120)[/(3)7 + (03)2 - 0.5)2 = 120
2 D? - 031 = Slz=0na? +

LS sin 45°

o5t (e

1
+ 5(1.20)(0.9292-0.5)*

LB o
2(m)(lcﬁ)

-

/ .

I%

ofmpe



R2-3L. The dresser has a weight of
along the floor. If the coefficient of
and B is u, = 0.3 and the coefficie:
is ue = 0.2, determine the smallest

needed to cause motion, If this force |

determine the acceleration of the dre
the normal reactions at A and B whe:

I—-I.Sﬁ —L-lﬁftw

'b and is pushed |

\

\

itic friction at A

# kinetic friction |

rizontal force Pgoe gipping:
ncreased slightly,

r. Also, what are > IE = 0;
begins to move?!

N, = 6531 Ans

~P+03(N, +Np) =0

8046
+TEE=0; N, +N, -8 =0 P
. Pw=24lb Ans % 1 H
. 0.34 FroNe
For tipping Ny = 0, N, =8 NN
C+EM, = 0; P(4) - 80(1.5) = 0
P=30b<24b
Therefore dresser slips.
+TEE =0 N, +N, -8 =0
+ 80
«—IF = ma,; 24—0.2-”‘ -O.ZN' = -3—2-3%
30
LHIM, = Z(M)4i 244) + Np(3) - 8)(L5) = 323%25)
Solving,
ag = 322 t/s? Ans
0
Ny = 148 Ib Ans “T" =%




Engineering Mechanics - Dynamics

Solution: . : l V? l l ' l l '
i?,_ﬁ o . . . . . % ¥
A i (!
2 L i » r
J xwg dxd@ = —7zL"wp .
0 Yo * ‘
1 1 2 3w
(a) —ﬁszO il | @) f i
4 283 2m
1 11 L 3nwg 3
(b) —ﬂLZW() = = E w2 -mg— o= po2
4 2 2 2m L

Chapter 18

Problem 18-33

A ball of mass m and radius r is cast onto the horizontal surface such that it rolls without slipping.
Determine the minimum speed v;; of its mass center G so that it rolls completely around the loop

of radius R + r without leaving the track.

~ ,._?-\\

!

E S N=0
‘l
! } Y R
. , s o
1”,@ ,;' ( w7 L ,
# = g1
W
:. B Vg e /
(?_j g ot My 2
i, e ——— A ity = M (%}
Solution:
2
v 2
mg= m(x] vV = gR
2 2
12  2\[YG 1 1{2 2\(v I, 2
—|=mr ||—| +=mvg —-mg2R=—|-mr ||=| +—-mv
2 r 2 2\.5 r 2
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Engineering Mechanics - Dynamics

Chapter 18

o= Find(w)

Problem 18-50

The assembly consists of pulley 4 of mass m, and pulley B of mass m. If a block of mass m;, is

suspended from the cord, determine the block’s speed after it descends a distance d starting from
rest. Neglect the mass of the cord and treat the pulleys as thin disks. No slipping occurs.

Given:
my = 3 kg
mp = 10 kg
mp = 2 kg
d=05m
r =30 mm
R = 100 mm
g=931%
s
Solution: Guess
Given

myr
2

0+0=l(
2

vp = Find (vb)

6]

vp =1

wla

1

Vh 2
+ -Emb vy —mpgd

1
+ -

2

=)y

%=Lﬂ9%

Problem 18-51

A uniform ladder having weight I is released from rest when it is in the vertical position. If it is
allowed to fall freely, determine the angle at which the bottom end A starts to lift off the ground. For

the calculation, assume the

ladder to be a slender rod and neglect friction at 4.

624



Engineering Mechanics - Dynamics

*Problem 18-48

The semicircular segment of mass M is released from rest
in the position shown. Determine the velocity of point 4
when it has rotated counterclockwise 90°. Assume that
the segment rolls without slipping on the surface. The
moment of inertia about its mass center is /.

Given:

M = 15 kg r=20.15m

IG = 025 kgm®> d=04m

Solution:
rad m
Guesses o=1— vg=1—
s s
- 1 2l 2
Given Mgd= -2-MvG + Ele +Mg(d-r)

Z d
( j = Find(w,v6)  @=124"=  v5=062 =
VG S S
~d
2 -2.48
m
vA=|0|x| d VA =|-248 | —
7= S
o 2 0.00
0

|va| =350 =
S

Chapter 18

Problem 18-49

The uniform stone (rectangular block) of weight /¥ is being turned over on its side by pulling
the vertical cable s/lowly upward until the stone begins to tip. If it then falls freely (T = 0) from
an essentially balanced at-rest position, determine the speed at which the corner A strikes the

pad at B. The stone does not slip at its corner C as it falls.

Given: Al
W =150 Ib
a=05%
n A
=21t _ :
ft |
g= 32.2 —2 )
§ j
Solution:
rad b X
Guess w=1— e
S
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