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PROBLEM 16.CQ1
% Two pendulums, A and B, with the masses and lengths shown are
¢ 2m g released from rest. Which system has a larger mass moment of inertia
L about its pivot point?
A (a A
. (b) B
(¢) They are the same.
SOLUTION
Answer: (b)
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PROBLEM 16.CQ2
% Two pendulums, A and B, with the masses and lengths shown are
¢ 2m 0 released from rest. Which system has a larger angular acceleration
% immediately after release?
A (a A
5O (b) B
(c) They are the same.
SOLUTION
Answer: (a)
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PROBLEM 16.CQ3

Two solid cylinders, A and B, have the same mass m and the radii 2r and r
respectively. Each is accelerated from rest with a force applied as shown.
In order to impart identical angular accelerations to both cylinders, what is
the relationship between F; and F,?

(a) F;=0.5F,
(b) Fi=F,
() Fi=2F,
(d) Fi=4F,
(e) Fi1=8F,
SOLUTION
Answer: (¢)
Fr=I1x

FR _ F(2r) _ E,r
%mR2 %m(2r)2 %mr2

H_2h F, =2F, 4
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PROBLEM 16.F1

A 6-ft board is placed in a truck with one end resting against a block
secured to the floor and the other leaning against a vertical partition.
Draw the FBD and KD necessary to determine the maximum allowable
acceleration of the truck if the board is to remain in the position shown.

SOLUTION

Answer:
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PROBLEM 16.F2

A uniform circular plate of mass 3 kg is attached to two links AC and BD of the
same length. Knowing that the plate is released from rest in the position shown, in
which lines joining G to A and B are, respectively, horizontal and vertical, draw the
FBD and KD for the plate.

SOLUTION

Answer:

|
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PROBLEM 16.F3

Two uniform disks and two cylinders are assembled as indicated. Disk A
weighs 20 Ib and disk B weighs 12 Ib. Knowing that the system is
released from rest, draw the FBD and KD for the whole system.

SOLUTION

Answer:
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TAT TTB PROBLEM 16.F4

: i The 400-1b crate shown is lowered by means of two overhead cranes. Knowing
A /B the tension in each cable, draw the FBD and KD that can be used to determine
the angular acceleration of the crate and the acceleration of the center of gravity.

SOLUTION

Answer:

1\ B T
T iz
A £ A B|
ma
fes
— G
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A PROBLEM 16.1

A conveyor system is fitted with vertical panels, and a 15-in. rod AB weighing 5 1b
C is lodged between two panels as shown. If the rod is to remain in the position shown,
determine the maximum allowable acceleration of the system.

10 in.

SOLUTION
Geometry: = I()_m =10.642 in.
cos 20°

b= %(15 in.)sin 20° = 2.5652 in.

c= %(15 in.)cos20°=7.0477 in.
Mass: m=Y = 2 01558 siug

g 322 ft/s

Kinetics:

- C  ma

8,

+)IM, =S(M )y Cd —Wb=—mac

Maximum allowable acceleration.

This occurs at loss of contact when C =0.

q= Wb (51b)(2.5652 in.)
c 7.0477 in.
ma 1.8199 Ib

a=—=——"— a=11.72ft/s 4
m  0.15528 slug

=1.8199 Ib

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1402

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

A PROBLEM 16.2

o]

reaction at B.
10 in.

A conveyor system is fitted with vertical panels, and a 15-in. rod AB weighing 5 1b
is lodged between two panels as shown. Knowing that the acceleration of the
system is 3 ft/s? to the left, determine (a) the force exerted on the rod at C, (b) the

SOLUTION
— 10 in. .
Geometry: CB=d= =10.642 in.
c0s20°
b= %(15 in.)sin 20° = 2.5652 in.
c= %(15 in.)cos20°=7.0477 in.
Mass: m=Y o 21 015508 siug
g 32.2ft/s
Kinetics: ma = (0.15528 slug)(3 ft/s*) = 0.46588 b ~—

(@) Force at C.
+)IMy =X(M )y Cd —Wb=—mac

C _Wb  mac _(51b)(2.5652in.) (0.46588 1b)(7.0477 in.)
d d 10.642 in. 10.642

C =0.89669 1b

C=0.8971b «20° «
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PROBLEM 16.2 (Continued)

(b)  Reaction at B.
+15F, =%(F)yy: B, W +Csin20°=0
B, =51b—(0.89669 Ib)sin 20° = 4.6933 1b
FZF =%(F,)y: B,—Cco0s20°=ma
B, =(0.89669 1b)cos 20° +0.46588 =1.3085 1b

B =1.3085 Ib ~—+4.6933 le B=4.871b ™ 74.4° 4
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PROBLEM 16.3

Knowing that the coefficient of static friction between the tires
and the road is 0.80 for the automobile shown, determine
the maximum possible acceleration on a level road, assuming
(a) four-wheel drive, (b) rear-wheel drive, (c) front-wheel drive.

60 in. 40 in.

SOLUTION

(a) Four-wheel drive:

+15F, =0: Ny+Ny-W=0 N +Ny=W=mg

Thus: Fy+Fg =N, + 4, Ny = t; (N, + Ng) =, W = 0.80mg
+_SF,=3(F,)y: F,+F,=ma
0.80mg =ma

a =0.80g =0.80(32.2 ft/s*) a=258ft/s>— 4
(b) Rear-wheel drive:

J_:\w'"’ - —— N
D) o
‘Fﬂ Mo bom. ) Mn !

- qouw.

1R

D)EMy =X(Mp)gr: (40 in)W — (100 in)N, =—(20 in)ma
N, =0.4W +0.2ma
Thus: F, = 1, Ny =0.80(0.4W +0.2ma) = 0.32mg +0.16ma
4. 3F =3(F,)y: F,=ma

0.32mg +0.16ma = ma

0.32¢g =0.84a
5=%(32.2 ft/s?) a=12.27 ft/s’*— <
0.84
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PROBLEM 16.3 (Continued)

(c) Front-wheel drive:

(DS

D)IM, =5(M ) (100 in)Ny — (60 in)W =—(20 inyma
Ny =0.6W —0.2ma

Thus: Fy = 1, N; =0.80(0.6W —0.2ma) = 0.48mg — 0.16ma
F . 3F, =3(F )y Fzg=ma
0.48mg —0.16ma = ma

0.48¢g =1.16a
a =%(3z.2 ft/s?) a=13.32 ft/s*— <
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PROBLEM 16.4

The motion of the 2.5-kg rod AB is guided by two small wheels which roll
freely in horizontal slots. If a force P of magnitude 8 N is applied at B,
determine (a) the acceleration of the rod, () the reactions at A and B.

SOLUTION
1
24 1 B
T - f:‘ EN B
B _ 24
AL G — G AT

A W A

——

(a) FUSF =3(F,)y: P=ma
a:%:%:&zo m/s’
a=320m/s> — <
(b) HEM, =S(My): W (r —%) —Ar= ma_(%]

a-w (12l )l 1-2)-A(2)
T T T T
N 2
= (2.5 kg)(9.81 m/s )(1——]—(8 N)(—]
T T
=8912N-5093N=3819 N A=382N| <
+ ZF,=0: A+B-W=0

B=W —-A=(2.5)(9.81)-3.819, B=20.71NT4
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PROBLEM 16.5

A uniform rod BC of mass 4 kg is connected to a collar A by a 250-mm
cord AB. Neglecting the mass of the collar and cord, determine (a) the
smallest constant acceleration a, for which the cord and the rod lie in
a straight line, (b) the corresponding tension in the cord.

SOLUTION

Geometry and kinematics:

Distance between collar and floor = AD =250 mm + 350 mm = 600 mm

When cord and rod lie in a straight line:

AC = AB + BC =250 mm + 400 mm = 650 mm

AD 600 mm
cosf=—=
AC 650 mm
0=22.62 / T
Kinetics g B
(a) Acceleration at A. c - g ma
+) IMo=2(M¢)ye:  W(CG)sin@ =ma(CG)cosd :/ 0

ma = mg tan @
a = gtan 6 =(9.81 m/s?)tan 22.62°
a,=a=4.09 m/s’— 4

(b)  Tension in the cord.

FLXF =3(F,)y: Tsinf=ma=mgtan

7-_M8 _ (4 kg)(9.81)

= = T=425N <
cosd  co0s22.62°
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PROBLEM 16.6

A 2000-kg truck is being used to lift a 400-kg
boulder B that is on a 50-kg pallet A. Knowing
the acceleration of the rear-wheel drive truck is
1 m/s®, determine (a) the reaction at each of the
front wheels, (b) the force between the boulder
and the pallet.

1.4m 2m I 1.2 m

SOLUTION

Kinematics: Acceleration of truck: a, =1 m/s* ~—.

When the truck moves 1 m to the left, the boulder B and pallet A are raised 0.5 m.

Then, a, =05m/s| a, =0.5m/s’|
Kinetics: Let T be the tension in the cable.
%% ydl
(M+e) g (¥4 + ")
Pallet and boulder: +T XF, =X(F))es: 2T —(my +my), =(my +mg)ag

2T — (450 kg)(9.81 m/s?) = (450 kg)(0.5 m/s?)
T=2320N

M1' Q'l'

T = ["’«C—Tﬂ:’j
R = ~
mg |
Ng Ne
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PROBLEM 16.6 (Continued)

Truck: +‘> My=3X(Mg)y: —Np(3.4m)+m;g(2.0m)—T(0.6 m)=ma;(1.0 m)
N = (2.0 m)(2000 kg)(9.81 m/s?) _ (0.6 m)(2320N) N (1.0 m)(2000 kg)(1.0 m/s)
g 34m 34m 34m
=11541.2 N-409.4 N-588.2 N

=10544 N
+T LF, =X(F))e: Np+Np—mpg=0
10544 N + Ny, — (2000 kg)(9.81 m/s*) =0
N =9076 N

S+ SF, =X(F,)y: Fy-T=ma,
Fy =2320 N +(2000 kg) (1.0 m/s?)

=4320 N
(a) Reaction at each front wheel:
%NF f 5270 N1 «
Reaction at each rear wheel:
1 1
~Fy—t—N, ! 5030 N ™ 64.5°
2 2
(b)  Force between boulder and pallet.
M, Qe
e %
v —
Ne
Boulder I SF, =5(F)r: Ny +Myg—myay
N = (400 kg)(9.81 m/s*) + (400 kg)(0.5 m/s*)
=4124N 4120 N (compression) 4
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PROBLEM 16.7

will tip before it slides.

The support bracket shown is used to transport a cylindrical can from one
elevation to another. Knowing that g =0.25 between the can and the
bracket, determine (@) the magnitude of the upward acceleration a for which
the can will slide on the bracket, (b) the smallest ratio #/d for which the can

SOLUTION
(a) Sliding impends

(b)

HLZF, = E(F,) g F =macos30°
+1%F, =%(F,)yp: N —mg =masin30°
N =m(g + asin30°)

ﬂs=ﬁ

macos30°
m(g + asin30°)
g +asin30°=4acos30°

025=

1

a
g 4cos30°—sin30°

Tipping impends

VEM G =M )y F(%)—N(%):O
F_d
N h

F d

=—:; 025=—;

=N h

bl
N30°

a=0337g .~ 30° 4

ma
__{ = ‘//,fér
h I [G— <
2!
—_—
- )
£oybdy
Z
400 <
d
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PROBLEM 16.8
Solve Problem 16.7, assuming that the acceleration a of the bracket is directed
downward.
PROBLEM 16.7 The support bracket shown is used to transport a cylindrical
can from one elevation to another. Knowing that zz, =0.25 between the can
and the bracket, determine (a) the magnitude of the upward acceleration a for
»1 which the can will slide on the bracket, (b) the smallest ratio 4/d for which the
- f can will tip before it slides.
h
SOLUTION
(@)  Sliding impends: lv_v:—mg e
4 130°
3 e |
L XF, =X(F )y F =macos30° =
—
+1SF, =3(F,)y: N —-mg=—masin30° ¥
N =m(g —asin30°)
_F
H N
0.25=__™Ma cos.30
m(g —asin30°)
g —asin30° =4acos30°
1
4. _=0.25226 a=0252g 7 30°4
g 4cos30°+sin30°
l- e
- L~
(b)  Tipping impends: —‘L_—_ —c | - 6/
h F i £
aZMG ZZ(MG)eff: F —_ :W i _:i l -
2 2) N h ﬁ N
44 2
d
H=—; 0.25=;; —=4.00 <
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PROBLEM 16.9

A 20-kg cabinet is mounted on casters that allow it to move freely

¢ L _ (¢ =0) on the floor. If a 100-N force is applied as shown, determine
’ (a) the acceleration of the cabinet, (b) the range of values of & for
100 N T» g which the cabinet will not tip.
0.9m
h &
|

¥
L— 0.6 m J

SOLUTION —_—
W =g _

(a)  Acceleration - f

h ! O1Prm

XA fB . A

FL3YF =3(F,)ye: 100N =ma A2
_ (.
100 N = (20 kg)a Od &3

a=5.00 m/s>— «

(b)  For tipping to impend) . A=0
+) My =2(Mp): (100 N)h—mg(0.3 m)=ma(0.9 m)
(100 N)A — (20 kg)(9.81 m/s*)(0.3 m) = (100 N)(0.9 m)
h=1.489 m
For tipping to impend ‘> : B=0
+)2MA =2(M,)p: (100 N)h+mg(0.3 m) =ma(0.9 m)
(100 N)Z& + (20 kg)(9.81 m/s?)(0.3 m) = (100 N)(0.9 m)
h=0311m
Cabinet will not tip: 0311m<h<1.489 m 4
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PROBLEM 16.10

Solve Problem 16.9, assuming that the casters are locked and slide on

(:T_ the rough floor (x, =0.25).
100 N s B PROBLEM 16.9 A 20-kg cabinet is mounted on casters that allow it to
f 0.9m move freely (#=0) on the floor. If a 100-N force is applied as shown,
h B determine (a) the acceleration of the cabinet, (b) the range of values of
l @ w h for which the cabinet will not tip.

L— 0.6 m J

SOLUTION
1
W=mo -
(a)  Acceleration. Joo ¥ l - G, | _";'_5
+15F, =0: N+ Ny-W =0 A I
[ 8 . 0] 8
N,+Ny=mg r fa i
] #e
But, F=uN, thus F, + Fy = u(mg)
F ZF =3%(F )y 100N—(F,+Fz)=ma
100 N — umg =ma
100 N —0.25(20 kg)(9.81 m/s*) = (20 kg)a
a=2.548 m/s’ a=255m/s’ — <

(b)  Tipping of cabinet.

[ 1
wem3 -
Joon L &t — 5..__%
h O, 9
S (I I O N 1 '

Fa ‘ £

M : I Ng

ﬂ35.,J 0.2

W =mg = (20 kg)(9.81 m/s*)
W =196.2 N
For tipping to impend) : N,=0.
+) XMy =X(Mp).;: (100 N)A—W (0.3 m)=ma(0.9 m)

(100 N)Z — (196.2 N)(0.3 m) = (20 kg)(2.548 m/s*)(0.9 m)
h=1.047 m
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PROBLEM 16.10 (Continued)

For tipping to impend‘> : Ny=0

T)IM, =S(M ;)i (100 N)2+W (0.3 m) = ma(0.9 m)

(100 N)A + (196.2 N)(0.3 m) = (20 kg)(2.548 m/s?)(0.9 m)
h=-0.130 m (impossible)

Cabinet will not tip: h<1.047m <
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[+—000 mim—- PROBLEM 16.11

A completely filled barrel and its contents have a combined
mass of 90 kg. A cylinder C is connected to the barrel at a
height 4 = 550 mm as shown. Knowing u =0.40 and

900 mm G M, =0.35, determine the maximum mass of C so the barrel
; will not tip.
450 mm
A B
SOLUTION

Kinematics:  Assume that the barrel is sliding, but not tipping.

a=0 azg=a—

Since the cord is inextensible, a.=a i
Kinetics: Draw the free body diagrams of the barrel and the cylinder. Let T be the tension in the cord.
The barrel is sliding. Fp=y4N=035N
Assume that tipping is impending, so that the line of action of the reaction on the bottom of the barrel passes
through Point B.
e =250 mm
T
L, T
& 100 mim - G Mgl
I—_T B
We C — (ol
Q.35 N l 1
-~ >
N We Vmea
For the barrel. +{2F,=0: N-W,=0 N=W,=myg=882.90N

+‘>ZMG =0: Ne-100T —(450)(0.35N)=0

_e—(450)(0.35) _ 250-157.5 (882.90) =816.68 N
100 10
FLSF =mga: T—-0.35N=mya
a= 8196(')68 -0.35 882.90 _ 5.6407 m/s’
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PROBLEM 16.11 (Continued)

For the cylinder: "’i XF=mca: Wo-T=mqa
me-g—T =mga

T 816,68
g—a 9.81-56407

=195.88 kg

mc=

me =195.9kg <4
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PROBLEM 16.12

A 40-kg vase has a 200-mm-diameter base and is being moved
using a 100-kg utility cart as shown. The cart moves freely (1= 0)
on the ground. Knowing the coefficient of static friction between
the vase and the cart is g = 0.4, determine the maximum force F
that can be applied if the vase is not to slide or tip.

SOLUTION

Vase:

MvQ@

[
>

Fe
N

HSF, =5(F): N-myg=0
N =myg = (40 kg)(9.81 m/s>) =392.4 N
For impending sliding, Fy =pugN
F; = (0.4)(392.4 N) =156.96 N

L SF =%(F)y: Fp=mya

F
= r JDOOON 5 994 g2
my, 40
This is the limiting value of a for sliding.
+‘> Mg=X(Mp)y. myge=myah
a=Cg=100Mm o1 ) =1.635 m/s>
h 600 mm

This is the limiting value of a for tipping.

The smaller value governs. a=1.635 m/s*
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PROBLEM 16.12 (Continued)

Cart and vase:

= m,aﬁ ?
- — mv%

o O

m. o

ESF =3(F,): F=mea+mya
F = (100 kg)(1.635 m/s*) + (40 kg)(1.635 m/s*)
F=229N <
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PROBLEM 16.13

The retractable shelf shown is supported by two
identical linkage-and-spring systems; only one of the
systems is shown. A 20-kg machine is placed on the
shelf so that half of its weight is supported by the system
1D i shown. If the springs are removed and the system is

released from rest, determine (a) the acceleration of the
c | 20l machine, (b) the tension in link AB. Neglect the weight
| \'/ of the shelf and links.

300 mm| 30°

80 mm ; ; i /{

¥ L
1 A
80 mm

¥

50 mm 100 mm

SOLUTION

The links AB and CE keep the line AC on the shelf parallel to the fixed line BE. Thus the shelf moves in
curvilinear translation.

a=0 and a; is perpendicular to AB
Since link AB is a massless two-force member, the force at A is along link AB.

Since link CDE is massless and the spring DF is removed, the force at C is directed along the link CDE.

Consider the kinetics of the shelf.
-

mG.
= -« | F:. \,
m A -l [ 20°
¥ 2

Force perpendicular to link AB. <~ 30°

mg cos30° =ma
a = g cos30°=(9.81 m/s) cos 30° =8.4957 m/s*

(a)  Acceleration of the machine: a =8.50 m/s*> ~60° 4
TNEM . =3(M )y (F, cos30°)(0.080) + (F, sin 30°)(0.100) — mg(0.150)

= (masin 30°)(0.160) + (ma cos 30°)(0.150)
0.11928F, —0.150 mg =—0.04990 mg cos 30°
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PROBLEM 16.13 (Continued)

(b) Tension in link AB. F, =89525mg
Taking mg to be half the weight of the machine,

mg =%(2o kg)(9.81 m/s*)=98.1 N

F, =(0.89522)(98.1 N) F=878N <
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PROBLEM 16.14

240 mm |

/;9’<\ A uniform rectangular plate has a mass of 5 kg and is held

in position by three ropes as shown. Knowing that 8= 30°,
determine, immediately after rope CF has been cut, (a) the

acceleration of the plate, (b) the tension in ropes AD and BE.

|
L— 300 mm —»‘

SOLUTION

(@)  Acceleration

(b)  Tension in ropes
+‘> XM, =2(M ,)es: (T c0830°)(0.3 m) —mg(0.15 m) = —ma(cos 30°)(0.12 m) — ma(sin 30°)(0.15 m)

[o-l.fn_[ NIL J
} ] {

+.7 30°2F =XF: mgsin30°=ma

a=0.5g =4.905 m/s*

0.25981; —7.3575=-4.388

T, =+11.43N

+™10°ZF =XF,: T, +11.43N—-mgcos30°=0
T, +11.43 N - (5kg)(9.81)cos30°=0

T, +11.43N-4248 N =0

T,=31.04N

T
4 —8 [ 1
30 |30 ' Oh ‘
~ B n
T— 30° d 1‘“‘?"

a=491m/s> ¥ 30° 4

0.2598T, — (5 kg)(9.81 m/s*)(0.15 m) = —(5 kg)(4.905 m/s*)(0.1039 +0.075)

Ty =11.43N <

T,, =31.0N <
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PROBLEM 16.15

A uniform rectangular plate has a mass of 5 kg and is held
in position by three ropes as shown. Determine the largest
value of @ for which both ropes AD and BE remain taut
immediately after rope CF has been cut.

240 mm

| 300 mm !

SOLUTION

‘_~ii‘]2Li24l

S~ XF =YF4: mgsin@=ma
a=gsind
+)EMB =X(Mp)er: mg(0.15m)=ma cosd(0.12 m) + ma sin 8(0.15 m)
g (0.15) = pi ( g'sin 0)(0.12cos € +0.15sin 0)
1=0.8sin&cos @ —sin” &
1—-sin” 6 =0.8sinHcos O

cos? 8 =0.8sin@cos O

1208 sin @
cos@
tand =1.25; 0=513° 4
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D — PROBLEM 16.16

T 14 D
Three bars, each of mass 3 kg, are welded together and are pin-connected
to two links BE and CF. Neglecting the weight of the links, determine
450 mm the force in each link immediately after the system is released from rest.
B C
X o o)

E (o ﬁ@’ F (o ﬁoo

SOLUTION
A r—v 450 M—_,LD A _D
W:m%
o 2251 28m L —
= c -
N H0°
G 1SBm ma. §° S0 mm
J B e _d
g R c
50 50>/
Eg? Lee

Mass center of ABCD is at G
Zm;y;  3(0.225)+3(0.225) + 3(0)
Xm; 9

1

=0.15m

y =
W =mg
40° XF =ZXF,: mgcos50°=ma
(9.81 m/s?)cos50°=a
a=6.3057 m/s> < 40°
D)VEM = (M )y
(Fp 5in50°)(0.450 m) — (9 kg)(9.81 m/s*)(0.225 m) = —ma sin 40°(0.225 m) — ma cos 40°(0.150 m)

0.34472 Fr —19.8653 = —ma(0.14463 + 0.11491)
0.34472 Fr —19.8653 = -9(6.3057)(0.25953)

Frp =+14.8998 N For =+14.90 N compression 4
A50° SF=SF;: Fyp+14.91b— (9 kg)(9.81)sin50° =0
Fpr =+52.734 N Fgp =+52.7 N compression 4
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PROBLEM 16.17

Members ACE and DCB are each 600 mm long and are connected by
a pin at C. The mass center of the 10-kg member AB is located at G.
Determine (a) the acceleration of AB immediately after the system has
been released from rest in the position shown, (b) the corresponding
force exerted by roller A on member AB. Neglect the weight of
members ACE and DCB.

SOLUTION

Analysis of linkage

+)IM ), = 0:

Free body: member ACE
+)=M = 0:

Carrying into Eq. (1):

Since members ACE and DCB are of negligible
mass, their effective forces may also be neglected
and the methods of statics may be applied to their
analysis.

Free body: Entire linkage:

(B, — E)(0.6 cos30°) — B, (0.6 sin30°) = 0

(B, — E) cos30°~ B, sin30°=0 (1)

A(0.3cos30°) — E(0.3¢cos30°) =0, E=A

0.3 (830 § 3cs20 (B,— A) cos30°— B, sin30°=0 ()
Equations of Motion for Member AB

D, 15m

0.5 m

/G.\

;/64 @

= ([T

(0.6 m) Cos 30° £

w\ B—
ma.
e

0.5
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PROBLEM 16.17 (Continued)

(@ +=_60° XF —X(F):
(B,— A) cos30°— B, sin30° + W cos30°= ma
Recalling equation (2), we have,

W c0s30°= ma a= w c0s30°= g cos30°
m

a = (9.81 m/s*) cos30° a=8.50 m/s* < 60° 4

(b)  +)EMy=S(Mp)y:
W (0.15 m) — A(0.6 m) cos30°= (ma sin60°)(0.15 m) — (ma cos60°)(0.05 m)
But, ma =W cos30°

0.15W — 0.6 A cos30° =W cos30°(0.15 sin 60° — 0.05 cos 60°)

A=W 1 sin 60°+ L cos60° |=0.11384 W = 0.11384 mg
4 cos30° 4 12
Recalling that m =10 kg so that mg = 98.1 N,

A=0.11384(98.1) = 11.168 N
A=1117N| <
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' 30 in. ‘ PROBLEM 16.18
C
7 ®> The 15-1b rod BC connects a disk centered at A to crank CD.
3(; O’ sin. Knowing that the disk is made to rotate at the constant speed of
\(/ 180 rpm, determine for the position shown the vertical components
of the forces exerted on rod BC by the pins at B and C.

SOLUTION

We first determine the acceleration of Point B of disk. B
@ =180 rpm =18.85 rad/s

Since @ = constant

2
ag =(ag), =rw

= ift (18.85 rad/s)*
12

a, =236.9 ft/s* > 60°
Since rod BC is in translation.

a=1a, =236.9 ft/s> 3 60°

B 2 [y c C _Bi‘lgn-"& c

E_i ——> BC i
‘r—-/Sin."é' ‘Sin-:fc - 6;7;)1 a
w4 i

ol

Vertical components of forces at B and C.

+‘> IMp=2(Mp)yy: C, (301in.) - W15 in.) = —ma sin 60°(15 in.)

Since W=151b and ma =1352—”2°(236.9) =110.36Ib
30C, —(15)(15) = ~110.365in 60°(15) = ~95.57(15)
2C, =-95.57+15=-80.57, C, =—-40.2851b C,=4031b, 4
+| BF, =3(F,)q: B, -W+C, =—masin60°

B, =W-C, - %(236.9) sin60° =15+40.285-95.57

B, =-40.2851b B, =403 lbi <
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PROBLEM 16.19

The triangular weldment ABC is guided by two pins that slide
freely in parallel curved slots of radius 6 in. cut in a vertical plate.
The weldment weighs 16 1b and its mass center is located at Point G.
Knowing that at the instant shown the velocity of each pin is
30 in./s downward along the slots, determine (a) the acceleration of
the weldment, (b) the reactions at A and B.

SOLUTION
Slot: v=30in./s N
2 1 2 r » 6&" *
n —= (3061{1_./” =150in./s> Qe | 2
r in. <
1B
a, =12.5ft/s*> 27 30°
a, =a, "X 60°
Weldment is in translation a, =12.5 ft/s’

N O60°XF =XF,: mgcos30°=ma,

a, = 27.886 ft/s* X 60°

(2]
a7 1256 g
- i‘ G, =23 Y
(a)  Acceleration 3
a 125 L
B=tan - =tan" ——— =24.14°
a 27.886
a’= a,2 + aj
=(27.886) + (12.5)*
a=30.56 ft/s> < 84.1° a=30.6ft/s> < 84.1° <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1428

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 16.19 (Continued)

(b) Reactions

ma = Lbz(30.56 ft/s*)=15.1851b

32.21t/s

&, 8%/ °

m@elsiesh

DVEM , = 2(M )

Bcos30°(9 in.) — (16 Ib)(6 in.) = (15.185 Ib)(cos84.14%)(3 in.) — (15.185 Ib)(sin 84.14°)(6 in.)
7.794B — 96 =+4.651-90.634
B=+12851b B=1.2851b « 30° 4
FLSF, =3(F, ) Acos30°+ Bcos30° = ma cos84.14°

Acos30°+(1.2851b)cos30° = (15.185 1b) cos 84.14°
Acos30°+1.1131b=1.5501b

A=+0.5051b A=0.5051b«30° 4
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PROBLEM 16.20

The coefficients of friction between the 30-Ib block and the 5-lb platform
BD are y;=0.50 and x4, =0.40. Determine the accelerations of the block
and of the platform immediately after wire AB has been cut.

= ;
B 51b
18 in.

SOLUTION

Assume that the block does not slide relative to the platform. Draw the free body diagram of the platform and

block.
Jae
30 | G / G
r"‘-f_-r -

¢ *W b 30\4na

t

N\ ZF, =X(F): Wsin30°=ma

a=Esin3O°=lg =16.1 ft/s’
m 2

a=16.1ft/s*> < 30°

Check whether or not the block will slide relative to the platform. Draw the free body diagram of the block

alone. $j)
= %a

N
1 1
ma=m|—g |=—W=151b
2°) 2
+_SF =X(F,): F=(51b)cos30°=12.99 Ib
| SF, =X(F,)): 301b—N = (15 Ib) sin 30°
N=30-75=2251b
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PROBLEM 16.20 (Continued)

Thus, F,=uN=0.50(2251b)=11.251b

Since F>F,, theblock will slide

Now assume that the block slides relative to the platform.

Equations of motion for block: (assuming sliding)

W =30k

L=HeN = T=20,)
=040N TNV V3o M *
2

30
T\SF, =3(F,)yy: 30—N= @),

(@), = g[l—%} (1)

R

2,),

HUSF =S(F) g 040N="2(a,).
g

N
(ah )x =8 (7_5) (2)

Equations of motion for platform.
Te T
lg “DE
s} - ) —
30 L=OWN/  — G

B G 30 D ‘—"ﬁ\gA-T
5

5k T 7% ¢

N ZF =5(F)p: (N —5)sin30°— (040 N) cos 30° = a,
4

a, =g(0.5+0.030718 N) 3)

If contact is maintained between block and platform, we must have

(ay), =(a,), =a,sin30° “4)
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PROBLEM 16.20 (Continued)

Substituting from (1) and (3) into (4):
N )
g (1 —%] =g(0.5+0.030718 N) sin 30°

(0.015359 +0.033333)N =0.75

N =15.4031b
Substituting for N in (2) and (1):

(@), =(22105") 222, (@,), =661 fUs*—

(@), = (32.2 ft/s?) (1_%} (a,), =15.67 fus?]

a, =17.01 ft/s> 67.1° 4
Substituting for N in (3):
ap = (32.2 ft/s*)(0.5+0.030718x15.403) = 31.335 ft/s”
a, =31.3 fi/s* <30° 4

Note: Since N >0, we check that contact between block and platform is maintained.
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[ &mn—— PROBLEM 16.21

A D
Draw the shear and bending-moment diagrams for the vertical rod AB
of Problem 16.16.
450 mm
PROBLEM 16.16 Three bars, each of mass 3 kg, are welded
together and are pin-connected to two links BE and CF. Neglecting
1 5 B & 3 the weight of the links, determine the force in each link immediately

after the system is released from rest.

SOLUTION
From the solution of Problem 16.16, the acceleration of all points of vertical rod AB is

a=6.3057 m/s>~<40°

or a=4.8304 m/s>— +4.0532 m/s?
Mass of rod AB: m=3kg
Mass per unit length: m__3ke _ 6.6667 kg/m
I 0450 m
. m
Effective force per length: Ta

(6.6667 kg/m)(4.8304 m/s*) — + (6.6667 kg/m)(4.0532 m/s?)

32.203 N/m — + 27.021 N/m)

Only the horizontal component contributes to the shear and bending moment. Let x be a vertical coordinate
(positive down) with its origin at A. Draw the free body diagram of the portion of the rod AB lying above the
section defined by x.

32.20% N/m
%

VLTV

.
R V
M
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PROBLEM 16.21 (Continued)

HUSF =3(F))y: V =32.203x

(+SM, =S(M )y: M = (32.203x)§

=16.101x"

Shear and bending moment diagrams.

A
B +49N @ 3.26Nem
Shear Bavwkmz vaoment
V. =(32.203 N/m)(0.450 m) V. —1449N 4
M, =(16.101 N/m)(0.450 m)> M. =326N-m 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1434

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 16.22*

' 30 in. '
‘ Draw the shear and bending-moment diagrams for the connecting
9 rod BC of Problem 16.18.

30°—1/)

D \;m' PROBLEM 16.18 The 15-1b rod BC connects a disk centered at
A to crank CD. Knowing that the disk is made to rotate at the
constant speed of 180 rpm, determine for the position shown the
vertical components of the forces exerted on rod BC by the pins at
Band C.

SOLUTION

We first determine the acceleration of Point B of disk: YA
@ =180 rpm =18.85 rad/s
Since @ = constant
ag=(ag), = ra’

= (ﬁftj (18.85 rad/s)>
12

a, =236.9 ft/s* 3 60°
Since rod BC is in translation.

a=a, =236.9 ft/s> 3 60°

I 7504,
E-—pg%c C—-—%__B ¢T£’___-C'
g 1r“/55n. {Swn: c - ma
d W =4 £

)IMp =E(Mp)yr: C,(30in)—W(15in.) = —masin 60°(15 in.)

Since W =151b and ma = 1352—112)(236.9) =110.361b:

30C, - (15)(15) = ~110.365in 60°(15) = ~95.57(15)
2C, =-95.57+15=-80.57, C, =—40.2851b
C,=4031b |
+] 2F, =X(F,)eq: B, ~W +C, =-masin60°
B,=W-C, —%(236.9) 5in 60° = 15+ 40.285 - 95.57
B, =-40.2851b B, =40.31b)

a, =236.7sin 60° a, =205.2 fu/s?|

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1435



https://students-hub.com
https://students-hub.com

PROBLEM 16.22* (Continued)

151b
30)ft

Distributed mass per unit length = LA s = le -s? /ft?
g g 322

Distributed weight per unit length =w = =6 Ib/ft

7\
S|

Vertical component of effective forces = 2ay = %(205.2)
g .

=38.236 Ib/ft

g ¢
=457 b —z54t—
E‘ c —8B T C
etfr UL 35230 por

"‘i XF, =X(F)): By +C, +(2.51)(6 Ib/ft) = (2.5 £t)(38.236 b/ft)

B,+C,=80.591b

From symmetry. B, =C, =40.2851b B, =C,=4031b i
v () 40285
G
. . B] C
Maximum value of bending moment occurs at G, where V =0: - w0208
1 M (‘-H) G
Ml ..=A der V-di from B to G =—(40.2851b)(1.25 ft
max = Area under V-diagram from B to 2( )( ) B\_i/(.
-25.2

M1, =2521b-ft <

V, =—4031b <
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PROBLEM 16.23

For a rigid slab in translation, show that the system of the effective forces
consists of vectors (Am;,)a attached to the various particles of the slab, where a
is the acceleration of the mass center G of the slab. Further show, by computing
their sum and the sum of their moments about G, that the effective forces reduce
to a single vector ma attached at G.

SOLUTION

Since slab is in translation, each particle has same acceleration as G, namely a. The effective forces consist of
(Ami)a.

dm;)a

i =
<~

The sum of these vectors is: X(Am)a = (XAm,)a
or since XAm, =m,
X(Am;)a=ma
The sum of the moments about G is: r/x (Am;)a = (ZAm.r)xa (D

But, XAm,r/ = mr’ =0, because G is the mass center. It follows that the right-hand member of Eq. (1) is zero.

Thus, the moment about G of ma must also be zero, which means that its line of action passes through G and
that it may be attached at G.
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(Amy) @ x 1) PROBLEM 16.24

For a rigid slab in centroidal rotation, show that the system of the effective
forces consists of vectors —(Am,)®°r’; and (Am;)(o X r';) attached to the
various particles P. of the slab, where ® and o are the angular velocity and
angular acceleration of the slab, and where r’; denotes the position vector of
the particle P relative to the mass center G of the slab. Further show, by
computing their sum and the sum of their moments about G, that the effective
forces reduce to a couple /0.

SOLUTION
For centroidal rotation: a, =(a,), +(a;), =0xr — &'t/
Effective forces are: (Amy)a; = (Am )(@XT,) — (Am, )@ r/(Am, (o XT;)
@m)(oxx
X(Am;)a; = X(Am, )(axr)) — Z(Am) @’ 1}
= axZ(Am)r! — 0 Z(Am,)r
Since G is the mass center, 2(Am; )rl./ =0

effective forces reduce to a couple, Summing moments about G,

S(r/x Amga,) = S[x/x (Am, )(oxr, )] — Zx/ X (Am,) & r!

But, /X (Am) @', = @ (Am, )(x/x1r)) =0

and, /X (Am,)(@x1)) = (Am,)r; >

Thus, (/% Amga,) = Z(Am)yr’a = | Z(am,)r] e

Since Z(Am)r;2 =1, the moment of the couple is Io
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PROBLEM 16.25
The rotor of an electric motor has an angular velocity of 3600 rpm when the load and power are cut off. The
50-kg rotor, which has a centroidal radius of gyration of 180 mm, then coasts to rest. Knowing that kinetic
friction results in a couple of magnitude 3.5 N-m exerted on the rotor, determine the number of revolutions
that the rotor executes before coming to rest.
SOLUTION
I =mk*
=(50)(0.180)
=1.62 kg-m’
M=Io: 35N-m=(1.62kg-m*)o
o =2.1605 rad/s* (deceleration)
2z
=3600 rpm| —
3600 | 2%
=1207 rad/s
@ = wg +206
0 = (1207 rad/s)* + 2(~2.1605 rad/s* )&
6 =32.891x10’rad
=5235.26 rev
or 6=5230rev 4
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PROBLEM 16.26

It takes 10 min for a 6000-1b flywheel to coast to rest from an angular velocity of 300 rpm. Knowing that the
radius of gyration of the flywheel is 36 in., determine the average magnitude of the couple due to kinetic
friction in the bearings.

SOLUTION

m=E=M=186.3351b-s2/ft k =36in.=3ft
g 322

I =mk?* =(186.336)(3)> =1677 1b-s> - ft
27
a, =300 rpm(aj =107 rad/s

0=, +ot
0=10x rad/s + (600 s)
a =—0.05236 rad/s>

M =ITa=(1677 lb-s* - ft)(—0.05236 rad/s*) = 87.81 Ib-ft

M =87.81b-ft 4
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6 in.
e PROBLEM 16.27

) A The 8-in.-radius brake drum is attached to a larger flywheel that is not

/ shown. The total mass moment of inertia of the drum and the flywheel

is 141b-ft-s* and the coefficient of kinetic friction between the drum

and the brake shoe is 0.35. Knowing that the angular velocity of the

/@1 flywheel is 360 rpm counterclockwise when a force P of magnitude
D

10 in.

75 1b is applied to the pedal C, determine the number of revolutions

P executed by the flywheel before it comes to rest.

SOLUTION

Lever ABC: Static equilibrium (friction force i)
F=uN=035N

+)IM, =0: N(10in)—F(2in)—(751b)(9in)=0 T
10N —2(0.35N)—675=0 H 1om,
N =72581b R AR
F=uN 3’4‘ l’l
=0.35(72.58 Ib) c ‘-4} Zohr
=25.401b

Drum:

r=8in.=zft
3

|

27
=360 —
o =360 m{ 2

F=25416
@, =127 rad/s B

)IM, =M )y Fr=Ila
(25.4 1b) (%ft] =(141b-ft-s?)r

o =1.2097 rad/s* (deceleration)

@ =} +200: 0= (127 rad/s)” +2(~1.2097 rad/s*)6
6 =587.4rad

0=587.4 rad(zL]=93.49 rev 0=935rev 4
T
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6 in. PROBLEM 16.28

= Solve Problem 16.27, assuming that the initial angular velocity of
/ the flywheel is 360 rpm clockwise.

10 in. PROBLEM 16.27 The 8-in.-radius brake drum is attached to a
/q larger flywheel that is not shown. The total mass moment of inertia
D

of the drum and the flywheel is 14 Ib-ft-s® and the coefficient of
kinetic friction between the drum and the brake shoe is 0.35.
Knowing that the angular velocity of the flywheel is 360 rpm
counterclockwise when a force P of magnitude 75 1b is applied to
e the pedal C, determine the number of revolutions executed by the
15 in. flywheel before it comes to rest.

SOLUTION

Lever ABC: Static equilibrium (friction force T )

F =p,N =035N

+)EMA =0: NA0Oin)+F2in)—-(751b)9in.)=0
10N +2(0.35N)—-675=0

N =63.08 Ib
F=uyN
=0.35(63.08 Ib)
=22.081b
Drum:
r=8 in.=§ft F=22.08{
=360 m(z—”j ¥ =
“ P %60 :
@y =127 rad/s
)EIMp =5(M )y =0: Fr=Ia
(22.08 1b)@ft) =(141b-ft-sHa
a=1.0515 rad/s*> (deceleration)
o =@} +200: 0= (127 rad/s)” +2(-1.0515 rad/s*)6
f=675.8rad
6 =675.8rad =107.56 rev 6=107.6 rev 4
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| a "t PROBLEM 16.29

Al ;\ R The 100-mm-radius brake drum is attached to a flywheel which is not
- 4 5D shown. The drum and flywheel together have a mass of 300 kg and a

BG P radius of gyration of 600 mm. The coefficient of kinetic friction between
p /4/ \%\ the brake band and the drum is 0.30. Knowing that a force P of magnitude
/ ‘/ 4 ﬁr \‘ \‘ 50 N is applied at A when the angular velocity is 180 rpm counterclockwise,
kk\\ //” : determine the time required to stop the flywheel when a = 200 mm and
\\ b =160 mm.
SOLUTION
Equilibrium of lever AD
i_.__? 200 ——de——— 160 4,’ (Dimensions in mm)
A _’\“} D +‘> ZMC = O;
"’1 Yo '«— l (50 N)(200) + T,(40) — T;(160) =0
SonN T, T, 4T, - T, =250 N (1)

Equation of Motion for flywheel and drum

- -2
I=mk
I 2 I,
= (300 kg)(0.600 m)*
- =108 kg-m?
r=0.100 m

)IMe =X(M()yy: Tyr —Tyr = la
(T, — T;)(0.100 m) = 108 &
o =(925.93x 10°°)(T, - T) 2)

Belt Friction
Using 4 instead of g, since the brake band is slipping:

T
?2 =P or T, = T, "/ 3)
1

Making #, =0.30 and f=180°=rxradin (3):
T, =T, T, = 2.5663T, 4)
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PROBLEM 16.29 (Continued)

Substituting for 75 from (4) into (1):
4T, — 2.5663T, = 250 N T, =17438 N

From (1): T, =4(174.38) — 250 T, =44751N
Substituting for 7; and 7, into (2):
o =(925.93x107%)(447.51 — 174.38), o = 0.2529 rad/s” )

Kinematics

@, =180 rpm ) w, = + 18.850 rad/s

0 =02529rad/s> ) @ =-0.2529 rad/s>
w=a,+oat: 0=18.850 - 0.2529¢
t=745s 4
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PROBLEM 16.30

The 180-mm radius disk is at rest when it is placed in contact with a
belt moving at a constant speed. Neglecting the weight of the link AB
and knowing that the coefficient of kinetic friction between the disk
and the belt is 0.40, determine the angular acceleration of the disk while
slipping occurs.

SOLUTION
Belt: F=uN ¥ r HL{:_ N
Disk: )
F > YF =3(F,) - N—F,zcos0=0
F,gcos0=N ey
AZF, =%(F))g: N +Fysin@—mg=0
F,psin@=mg —u N 2)

Eq.(2) tanﬁ:mg_'ukN
Eq.(1) N
Ntan@=mg — y N
__ m8
tan @ + 4,

me Hy
F=uyN=—>""—"—
H tan 8 + 4,
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Data:

PROBLEM 16.30 (Continued)

)VEIM, =X(M )y Fr=Ia

a=—F
1
__r_ mgl
lmrz tan @ + 4,
2
_28 M
rotan@+ u,
r=0.18m
6 =60°
M, =0.40

oo 2081m/s®) 040

0.18 m tan 60° +0.40

0= 20.4radls> ) <
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PROBLEM 16.31

Solve Problem 16.30, assuming that the direction of motion of the belt
is reversed.

PROBLEM 16.30 The 180-mm disk is at rest when it is placed in
contact with a belt moving at a constant speed. Neglecting the weight
of the link AB and knowing that the coefficient of kinetic friction
between the disk and the belt is 0.40, determine the angular acceleration
of the disk while slipping occurs.

SOLUTION
{5
Belt: F=uyN 1 l ﬂff
Disk:
£sav |
—_—
O:=40°
FLSF =X(F,)y: N-—F,zc086; F,zcos0=N (1)
+| 5F, =X(F,) i Fupsin@—mg— N =0
F,psin@=mg+ u N 2)
Eq. (2): tan = mg + N
Eq. (1) N
Ntan@=mg + 4 N; N=—T"6
tan @ — 4,
)IM, =3(M )y Fr=Ia
_Fr _uNr_ g omg 28 M
r [ Imr? tan@-y,  r tanf-y
Data: r=0.18m, 6=60° u, =0.40

2(9.81m/s?) 0.40
o= ‘

0 =32.7 rad/s’ ) <
0.18m  tan60°-0.40
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PROBLEM 16.32

\‘l./ ‘ In order to determine the mass moment of inertia of a flywheel of

radius 600 mm, a 12-kg block is attached to a wire that is wrapped
around the flywheel. The block is released and is observed to fall 3 m
\ in 4.6 s. To eliminate bearing friction from the computation, a second
block of mass 24 kg is used and is observed to fall 3 m in 3.1 s.
Assuming that the moment of the couple due to friction remains
constant, determine the mass moment of inertia of the flywheel.

SOLUTION
Kinematics: Kinetics:
m " .
S " R
r 8
A _
= r "
oR o= %. W=emgg

T)EM y =S(My)yy: (myy)r—M, =Ta+(ma)r

mygr—M, =7£+mAar (1)
r
Case 1: y=3m
t=406s
L >
=—at
73

3m =%a(4.6 s)?

a=0.2836 m/s>
m, =12 kg

Substitute into Eq. (1)

2
MJ +(12 kg)(0.2836 m/s”)(0.6 m)

(12 kg)(9.81 m/s*)(0.6 m)—M , = T(

70.632-M ; = 1(0.4727)+2.0419 2)
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PROBLEM 16.32 (Continued)

Case 2: y=3m
t=3.1s
1 >
=—at
>

1 2
3m=—a(3.1s
2a( )

a=0.6243 m/s*
m, =24 kg
Substitute into Eq. (1):

2
(24 kg)O.81 m/s”)(0.6 m) = M | = 7{063“&] +(24 kg)(0.6243 m/s*)(0.6 m)

141.264-M , = 1(1.0406) +8.9899 (3)

Subtract Eq. (1) from Eq. (2) to eliminate M;

70.632 = 1 (1.0406 — 0.4727) + 6.948
63.684 =1(0.5679)

[ =112.14kg-m*

I =112.1kg-m*> <
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PROBLEM 16.33
sl./ The flywheel shown has a radius of 20 in. a weight of 250 lbs, and a
n ‘ radius of gyration of 15 in. A 30-1b block A is attached to a wire that is
@ wrapped around the flywheel, and the system is released from rest.
\ Neglecting the effect of friction, determine (a) the acceleration of block A,
(b) the speed of block A after it has moved 5 ft.
Y\
SOLUTION
Kinematics: Kinetics:
A
My
+) IMy=S(Mp)y: (mug)r=Ia+(muar
m,gr =myk’ (2) +myar
r
a= Wy 5
m, +mg (%)
(@)  Acceleration of A a= G0 1b) ~=5.6615 ft/s’
( 30 Ib )+( 250 Ib )(m)
32.2 ft/s? 32.2fus> )\ 20in.
or a, =5.66 fi/s’| <
(b)  Velocity of A vi=(v, s +2a,s
For s=5 ft Vi =0+2(5.6615 in./s*)(5 ft)
=56.6154 ft*/s*
v, =7.5243 ft/s
or v, =752 ft/s 4
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PROBLEM 16.34

Each of the double pulleys shown has a mass moment of inertia of 151Ib-ft-s* and is initially at rest. The
outside radius is 18 in., and the inner radius is 9 in. Determine (a) the angular acceleration of each pulley,
(b) the angular velocity of each pulley after Point A on the cord has moved 10 ft.

‘@ (o (o (@
@ @@ @)

A Ao Ao Ao

160 I 160 I 4601 3001, SO
1) (2) (3) (4)

SOLUTION

Case 1:

(@  +)EMy=Z(M )y (1601b)(%ft)=(15lb~ft~sz)a

a=38 rad/s2‘> |

10 ft

(b) O=——-=13333rad
(i2ft)
@ =206 =2(8 rad/s”)(13.33 rad) ®=14.61rad/s ) <
9 9
Case 2: (@) +‘> IMy=X(My): (160) [E) =150+ ma [E]
120 =15a+@[2aj(2j
322127 \12
120 = (15+2.795)cx
o =6.7435 rad/s’
0 =6.74 rad/s> ) 4
() e:%: 13.333 rad
(ft)
w0’ =200
= 2(6.7435 rad/s”)(13.333 rad) ®=13.41rad/s ) <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1451

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

PROBLEM 16.34 (Continued)
Case 3 (a) )IM = Z(M )y
Ig 460) = |-~ 300)[ > | =150+ 200 ;[ 9 ), 300 9.
12 12 322 \12) 322 (12
- 2 2
" @ =150+ 200( 9 5, 30(9 Y,
a 1 < 322012 322012
nlls sl o= 4.2437 rad/s’
wos 3008 o =4.24 rad/s’ ) 4
yo, X
7l e 37 (b) ez%ﬁzmsx rad
12
@ =206 =2(4.2437)(13.333) ®=10.64 rad/s* ") «
18 80 (18
Case 41 (@  +)EMy =My (80)(Ej=15a+327a(6j
2
120=150H—ﬂ 18 a
32212
120 = (15+5.5901)er
o =5.828 rad/s’
o=5.83 rad/sz‘> <
) 0= 6,667 rad
(i3ft)
@ =200 =2(5.828 rad/s”)(6.6667 rad) ®=8.82rad/s ) 4
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PROBLEM 16.35
Each of the gears A and B has a mass of 9 kg and has a radius of
gyration of 200 mm; gear C has a mass of 3 kg and has a radius of
gyration of 75 mm. If a couple M of constant magnitude 5 N-m is
applied to gear C, determine (a) the angular acceleration of gear A,
(b) the tangential force which gear C exerts on gear A.
SOLUTION
Kinematics:
We express that the tangential components of the accelerations of the gear teeth are equal:
a, =025,
=0.25¢cy
=0.1a
op =0, 250 mm
o- =2.5a, M
Kinetics:
Gear A: T, =mk? =9(0.20) —_
=0.36 kg -m*
F
)IM, =2(M )r: F(0.25)=0.360, -
F=144c, 250 mm 2)
Because of symmetry, gear C exerts an equal force F on gear B.
. T 72 T
Gear C: I =mgk( flOO o Qt.c
=3(0.075) N
=0.016875 kg - m? F N - @
)EM e =S(M )y M —2Fr. = Toap M= S lem
SN-m-2F(0.1m)=0.016875¢
(@) Angular acceleration of gear A.
Substituting for ¢ from (1) and for F from (2):
5-2(1.44¢,)(0.1) =0.016875(2.5¢ )
5-0.288¢, =0.04219¢,
5=0.3302¢,
o, =15.143 rad/s* o, =15.14 rad/s’ ) <
(b)  Tangential force F.
Substituting for ¢z, into (2): F =1.44(15.143) F,=218N /<
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PROBLEM 16.36

Solve Problem 16.35, assuming that the couple M is applied to disk A.

PROBLEM 16.35 Each of the gears A and B has a mass of 9 kg and
has a radius of gyration of 200 mm; gear C has a mass of 3 kg and
has a radius of gyration of 75 mm. If a couple M of constant
magnitude 5 N-m is applied to gear C, determine (a) the angular
acceleration of gear A, (b) the tangential force which gear C exerts
on gear A.

SOLUTION
Kinematics: o, =0{A) o, =0{A‘> Op =0(B)
At the contact point between gears A and C,

a, =10y =10

_ 0.25

o =4to,=——uo
C A A
Te 0.1

At the contact point between gears B and C,

a, =rglly = 1.0

e 0.1 025
Op=——CQc=—""""10
r €025 0.1

Kinetics:
GearB:  +)SM, =S(M )y Fyery =1p0, =150, / -
Fec

_aA

I Tgdg
Fpe =L 0,
]
Fec
Gear C: +)SM o =S(M()yr: Fyele + Fygle =100 @
e 0.25 Fu Ted,
— g0, + Fppgre =——Ica,
Iy 0.1
1( 0.1 0.25
Foo=—| ——1,+—=1, |& 1
Ac rc(o.zs 501 Cj A W
Ma
Gear A: (+MA=E(MA)eff: M,-rF,,=1,0, Fic
) _r_A( 0.1 I 0.25 ch% I,
7.\ 0.25 0.1 T,
2
0.25
MAZ(IA'FIB'F(W) IC]CZA (2)
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PROBLEM 16.36 (Continued)

Data: From Eq. (2) my, =mg =9 kg
k,=ky=02m
1, =1, =mk;=9(0.2)
=0.36 kg-m*
m-=3kg
ke =0.075 m
I =3(0.075)* =0.016875 kg - m*
M,=5N-m

2
5= {0.36 +0.36+ (%) (0.016875)}0@‘

(a)  Angular acceleration. o, =6.0572 rad/s? o, =6.06 rad/sz) <
(b) Tangential gear force.
1 0.1 0.25
From Eq. (1 F,.=—1| ——1(0.36)+| —— [(0.016875) |(6.0572
q. (D AC 0‘1|:(0.25]( ) (0‘1 j( )}( )
=11.278

F,.=1128N/ <«

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1455



https://students-hub.com
https://students-hub.com

2 in.

PROBLEM 16.37

Gear A weighs 1 1b and has a radius of gyration of 1.3 in; Gear B
weighs 6 Ib and has a radius of gyration of 3 in.; gear C weighs 9 Ib
and has a radius of gyration of 4.3 in. Knowing a couple M of constant
magnitude of 40 b - in is applied to gear A, determine (a) the angular
acceleration of gear C, (b) the tangential force which gear B exerts on
gear C.

Point of contact between A and B.

2 in. 4 in.
SOLUTION
Masses and moments of inertia.
m, = ﬁ =0.031056 Ib - s*/ft
my = ﬁ =0.18634 1b-s*/ft
me = ﬁ =0.27950 1b - s*/ft
- 13in. )
I, =muk; =(0.0310561b- sz/ft)( > in./ﬁ]
=0.36448x1071b-s” - ft
2
T, = mghk? =(0.186341b- sz/ft)(123i$ftJ
=11.646x1071b-s” - ft
2
T =mekZ =(0.279501b- szlft)[é'?ni.r/lf'tJ
=35.889x101b-s* - ft
Kinematics. GearA: r,=2in.
GearB: r=4in, r,=2in.
Gear C: 1, =6in.

a, =10, =10

Oy =—"0p=_""—"0p

I 2in.
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PROBLEM 16.37 (Continued)

Point of contact between B and C.

a, =n0g =1clc

I o 6in
M= e =0, %
2 )
Summary. oy =30 (1)

o, =20 =60

2
Kinetics. Applied couple: M =401b-in.=3.33331b-ft
Gear A: M 1‘Aj _
ra F 1 - IAd‘A
)ZMA =XM perr: M = Fypry=1,0, g A AN
M _I,60) Fae \_/
Fap=———""7—

I"A VA | Y‘n ...5|
_3.33331b-ft (0.36448x107°)(6)
(2112) ft (2112) ¢
=201b-0.013121cx,. 3)
Gear B: _
+‘>ZMB:2(MB)eff: Fuphi — Fper, =10 ——
no Iz
Fge =Fap = S
h h
31,
=2F,; -~ 0o
n
-3
= 2120 1b—0.013121¢ | - HU1.646x107)
(2112)
=401b-0.23587 ¢
Gear C: —
(+SMo=S(M o)yt Fyere =Ip0 Fe
(40-0.23587x) {%) =(35.889x10)a,-
20=0.1538240
(a)  Angular acceleration of gear C. o =130.0 rad/s’ ) <
(b)  Tangential force which gear B exerts on gear C.
Fp- =401b—-(0.23587)(130.0) =9.331b 9.33 le <4
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PROBLEM 16.38

Disks A and B are bolted together, and cylinders D and E are
attached to separate cords wrapped on the disks. A single cord
passes over disks B and C. Disk A weighs 20 Ib and disks B and
C each weigh 12 Ib. Knowing that the system is released from
rest and that no slipping occurs between the cords and the disks,
determine the acceleration (a) of cylinder D, (b) of cylinder E.

SOLUTION

Masses and moments of inertia.

my =20 =B g a6ssatn st
g 32.2fUs

my =2 180 _ 6 5500110 52/t
g 32.2fUs

Assume disks have uniform thickness.

2
1, =lmArj :lLbz(ﬁftj =0.138026 1b-s> - ft
2 2322 ft/s* |12
2
I =lmBrB2 =1Lb2(£ft] =0.046584 1b-s> - ft
2 232.2ft/s* |12

Io =1,=0.0465841b-s> - ft
I,z =1,+1,=0.1846101b-s° -ft

Kinematics:  a, =ay, i a, =a; T Oy =0y '> , Op = ac'>
For inextensible cord between disk A and cylinder D,

8
ap =(a,), = Ko, = (Eft)aAB =0.666670,, (1)

For inextensible cord between disks B and C,

noyp =10

b _ [ 6in. _
O =0 p=| —— |Oup =0yp
n 6in.

For inextensible cord between disk C and cylinder E,

6
ag =(a,) =£Eft]ac =0.50,, )
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PROBLEM 16.38 (Continued)

Kinetics.
Let T be the tension in the cord between

disks B and C.
+‘> EMp =2(Mp)es:  1Wp—nT =1,p0,5 +rmpap,

4 I, nmpa
T=—1WD— A% sp  Mpdp

p) p) 5)

p) p) 5)

7 1 myr?
T:_1WD _{ﬂ+D_1:IaAB

. 2
_ 8 %n. (15 1b) — 0.184610 + (0.46584)(8/12) 2.
6 in. 6/12 6/12
T =201b-0.78330c,, 3)
T
+‘> IMo=2M¢)e: 1T —1uWe =10, +rmga, T’[‘
I _i 4
T=W,+| S +myr, |y
3
S = L—G

To18 1b+[0.046584

+ (0.55901)(6/12)} yp

T =181b+0.37267c,,

Subtracting Eq. (4) from Eq. (3) to eliminate 7,
0=21b-1.15597c,,
(a)  Acceleration of cylinder D.
From Eq. (1), ap =(0.66667)(7.7301)
(b)  Acceleration of cylinder E.
From Eq. (2), a =(0.5)(1.7301)

Q)

o,y =1.7301 rad/s
a,, =1.153 fu/s2| 4

a, =0.865 fi/s’ | 4
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A 4 in.

PROBLEM 16.39

A belt of negligible mass passes between cylinders A and B and is pulled to
the right with a force P. Cylinders A and B weigh, respectively, 5 and
20 1Ib. The shaft of cylinder A is free to slide in a vertical slot and the
coefficients of friction between the belt and each of the cylinders are
M, =0.50 and g4 =0.40. For P=3.61b,determine (a) whether slipping
occurs between the belt and either cylinder, (b) the angular acceleration of
each cylinder.

SOLUTION
Assume that no slipping occurs.
Then: ayy, = (4in)a, =(8in)a oy = %aA (1)
Cylinder A. EIMG=2(Mg)y: Fy [%ft] =1, W=SiL I«
40 = ("
2 2 i
Al 5alis) @ 3
Mi2) 2gl12) ™ N2 A
S5
F,=="4 )
6 g

- r
Cylinder B. DZMG =XMg)ee: Fy (%ft) =1z04 8
B =
2 174
8 120( 8 1
Fy =5 A

Belt &£

12) 2¢l12) (2
F,=200% (3)
6 g
YF,=0: P-F,—F;=0 4)
360-2% _20% _ 5
6 g 6 g N=541L ‘_-_‘ _:36“L
- —_
(3.60)6 N=5L1"Fg
o, =——3z -
25
=0.864¢

o, =27.82rad/s? )
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PROBLEM 16.39 (Continued)

Check that belt does not slip.

From (2): F,= %(0.864) =0.7201b

From (4): F,=P-F,=3.60-0.720=2.881b
But F,=uN=050(51b)=2.501b
Since F, > F,,assumption is wrong.

Slipping occurs between disk B and the belt. <«

1
We redo analysis of B, ing slipping. ay#—a
€ r€do analysis o assuming Siuppimg ( B 5 A] N:S[‘
e Y
Fy = 4N =0.40(51b)=21b — (7
G
2 8 q
8 .) 120(8 2
DIM =E(Mg): Q)| —ft|==—| = | « v
DIMG=EMo)ar ( >(12] zg[u) »
a, =03g, a, =9.66 rad/s’ ) «
Belt Eq. (4): P-F,-Fy;=0
F,=P-F,
=3.60-2
=1.601b

Since F, < F,

m?

There is no slipping between A and the belt.

Our analysis of disk A, therefore is valid. Using Eq. (2),

We have 1.601b = gﬁ
6 g
o, =192g a, =618 rad/sz‘> <
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PROBLEM 16.40

Solve Problem 16.39 for P =2.00 Ib.

4in.
r  PROBLEM 16.39 A belt of negligible mass passes between cylinders A and

B and is pulled to the right with a force P. Cylinders A and B weigh,
respectively, 5 and 20 1b. The shaft of cylinder A is free to slide in a vertical
slot and the coefficients of friction between the belt and each of the cylinders
are 4, =0.50 and g =0.40. For P =3.601lb,determine (a) whether slipping
occurs between the belt and either of the cylinders, (b) the angular acceleration
of each cylinder.

SOLUTION

Assume that no slipping occurs.

Then:

Cylinder A

Cylinder B

Belt

. . 1
Ay = (4in)a, =@ in) oy oy = EaA (1)

o

4 _
EIMG =2(Mg)e: Fy (Eftj =1,a,

FAzgﬂ (2)
6 g
_ N=5L F
ODIM g =5(M ) FB(I—ftjleaB N
gq -
2 ﬂ
p (81208 V(1
Bl12) 2 ¢gl12) (2™ Ay = 74
FB:§ﬂ (3)
6 g
4y ¥F,=0: P—F,—F,=0
50, 20«
200->A T4 -0 ;
6g 6 g _{V-:j_/ﬂsé_f-??.wb
~ (2.00)6 N=5 b ‘|"F
T e

=0.480g

a, =15.46 rad/s® ")
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PROBLEM 16.40 (Continued)

5
From (2): F,= 6(0.480) =0.4001b
_20 480) = Ib
From (4): Fy —?(0. 80) =1.600
But F, =u,N=0.50(51b)=2.501b

Thus, F and Fp are both < F,,. Our assumption was right:

_ 2
There is no slipping between cylinders and belt o, =15.46 rad/s ‘> <

From (1): oy =7.73 radls> ) 4
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PROBLEM 16.41

Disk A has a mass of 6 kg and an initial angular velocity of 360 rpm
clockwise; disk B has a mass of 3 kg and is initially at rest. The disks
are brought together by applying a horizontal force of magnitude 20 N
to the axle of disk A. Knowing that g, =0.15 between the disks and
neglecting bearing friction, determine (a) the angular acceleration of
each disk, (b) the final angular velocity of each disk.

SOLUTION

While slipping occurs, a friction force F T is applied to disk A, and F i to disk B.

Disk A:
Iy= l’”AVAZ %A
2
1 ) Y -
=~ (6 ke)(0.08 m) =
=0.0192 kg - m*
SF: N=P=20N
F=uN=0.1520)=3N
VEIM, =S(M )i Fry=1,0,
(3 N)(0.08 m) = (0.0192 kg -m?)ex,
a, =10.227 o, =12.50 rad/s® ) <
Disk B:
Iy Z%mB”g Fel: SN I@-B
1 2 N ll_
=~ (3 keg)(0.06 m) c
=0.0054 kg - m*

VEIMy =S(M )i Fry =10t

(3 N)(0.06 m) = (0.0054 kg - m?)az,
a, =33.333 rad/s’ 0 =333 rad/s? ) €

(@), =360 rpm =127 rad/s )
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PROBLEM 16.41 (Continued)

Sliding stops when V. = v or @,r, = @1y

ral(@y)g — o t] = ryopt
(0.08 m)[127 rad/s — (12.5 rad/s*)t] = (0.06 m)(33.333 rad/s*)t
t=1.00531s

+(a)A =(@4) — Oyt
=127 rad/s — (12.5 rad/s*)(1.00531 s)
=25.132 rad/s

o, =(25.132 rad/s)
=240.00 rpm

or
+QwB =gt

=33.333 rad/s®(1.00531 s)
=33.510 rad/s

Wy =(33.510 rad/s)
=320.00 rpm

or

®, =240 ipm ) <

©, =320 rpm‘> |
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PROBLEM 16.42

Solve Problem 16.41, assuming that initially disk A is at rest and disk B
has an angular velocity of 360 rpm clockwise.

PROBLEM 16.41 Disk A has a mass of 6 kg and an initial angular
velocity of 360 rpm clockwise; disk B has a mass of 3 kg and is initially
at rest. The disks are brought together by applying a horizontal force of
magnitude 20 N to the axle of disk A. Knowing that g, =0.15 between
the disks and neglecting bearing friction, determine (a) the angular
acceleration of each disk, (b) the final angular velocity of each disk.

SOLUTION

While slipping occurs, a friction force F T is applied to disk A, and F i to disk B.

Disk A: 1, =%mArZ _7;0_(;,
=%(6 kg)(0.08 m)* z -
=0.0192 kg - m?
YF: N=P=20N
F=uN =0.1520)=3N
+‘>ZMA =3(M )2 Fry=1,0,
(3 N)(0.08 m) = (0.0192 kg - m*)ex,,
a, =10.227 o, =12.50 rad/s’ ) <
1, -

Disk B: I ZE’"B’"B f‘ y.5N 5%z
_ %(3 kg)(0.06 m)? N @
=0.0054 kg - m?

)VIM , =S(M )i Fry =Ig0

(3 N)(0.06 m) = (0.0054 kg - m*)ex,
o =33.333 rad/s’ 0, =333 rad/s? ) €
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PROBLEM 16.42 (Continued)

Sliding starts when v. = v.. That is when
Wyt = Wply
(ayt)ry =[(wp)y — aptlry
[(12.5 rad/s*)](0.08 m) =[127 rad/s — (33.333 rad/s*)(1)](0.06 m)
t=4.02124  t=0.75398 s

(L@, = ot = (12.5 rad/s*)(0.75398 5) = 9.4248 rad/s
+( @, =(9.4248 rad/s) =90.00 rpm )
or ®, =90.0 rpm ) <
+(a)B =(wg)y — gt
=127 rad/s —(33.333 rad/s>)(0.75398 5)

=12.566 rad/s )

Wy =(12.566 rad/s)
=120.00 rpm

or ®,; =120.0 rpm) <4
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PROBLEM 16.43

f
b & Disk A has a mass my = 3 kg, a radius r4 = 300 mm, and an initial angular
velocity @, =300rpm clockwise. Disk B has a mass mp = 1.6 kg, a radius
A rp = 180 mm, and is at rest when it is brought into contact with disk A.
4 ( o " Knowing that g, =0.35between the disks and neglecting bearing friction,
y determine (a) the angular acceleration of each disk, (b) the reaction at the
support C.
C =
SOLUTION
(@) Disk B. w 8 X 8

+ BF, = S(F))yp: N-Wy =0

N=Wy,=myg E
Thus, F=uN=myg F_ P&N 2]
DVEMy =S(M )t Fry = Tyety - N

1 2
Hmp8ry ZEmBrBaB

2
aB — ﬂkg‘> (1)
g
2
For the given data: «, = 2(0'38);351 ms) _ 38.15 rad/s* oy =382 rad/sz‘> <4
.180 m

W, =myg = (1.6 kg)(9.81 m/s?) =15.696 N
F = pt,my g = (0.35)(15.696) = 5.4936 N

HUSF =3(F)y: F-Ry=0 R, =5.4936 N ~— <

N:’n')ﬂ -
N - d I 2,
Disk A: A=
DEIM, =3(M )y Fry=T,a, Y
1, —
Hmp 8Ty zamArAaA
2
o, _ 8 ﬂ') Q)

Ta My
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PROBLEM 16.43 (Continued)

2
For the given data: o, = 20035081 m/s’) 1.0kg _ 9.156 rad/s a, =9.16 rad/sz‘> <
0.300 m 4kg

HUSF =3(F)y: (Ry),~F=0 (R,), =5.4936 N—

+T ZFy :Z(Fv)eff: (Ry)y —myg —myg =0
(Ry), =(my +mp)g =(4kg+1.6kg)(9.81 m/s”)

=54.936 N (R,), =54.936 N

Reaction at C.
B (e 54936N  FET0 G20

0, 480 m
Al 5, 493N i sF =0 C,-54936N=0

54,936 N
C=549N <

M C,=54.936N
-C

] D)EM=0: M —(5.4936 N)(0.480 m) =0

¢

M. =264N-m ) <
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e PROBLEM 16.44
i
B "B Disk B is at rest when it is brought into contact with disk A, which has an initial
angular velocity @,. (a) Show that the final angular velocities of the disks are
A independent of the coefficient of friction z; between the disks as long as g #0.
o) (b) Express the final angular velocity of disk A in terms of @, and the ratio mu/mg
“a ( A of the masses of the two disks.
C =
SOLUTION
(@) Disk B.
1 BF, =2(F))y: N—wy =0 _WB Ty,
N=wg =myg —
Thus, F=uN =pmyg R
VEIM =S(M )i Fry =10t &
| F= ’Uk N N
Hmp 8Ty :EmBrBzaB -
2
0y = ZHh 8 ‘> (1)
s
a &
Disk A
+‘>2MA_Z(MA)eff Fry=1,0, ’/\
Hymp 8Ty =My Ty 0y A
2 m
0, =82 @)
Fa My
2
Disk A. 0, =@ -0 =@ -8B ;) A3)
Fa My
2
Disk B. Wy = Olgt = “H8 ‘> 4)
s
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PROBLEM 16.44 (Continued)

When disks have stopped slipping: NB A 8

Vp = W7y = Wgly

Wyry _(Zﬂkg)_mB 1=2u,8t ..-Z
my P
Wyl 1

=
Zﬂkg1+%§

t= a)()rA my (5)
24,8 my +my

Substituting for ¢ from (5) into (3) and (4):

o :%_2ﬂkg Mg @y My =, - @ynp
A Ty my 24,8 my +myg my +mg

my +my —myg m,
W, = —A "B B W, =0, —2— 6
A = m, +my A womA+mB‘> ©
o, = 2H8 Dty My 0, =y A" ) %)
B Ty 24,8 my +myg B Ty My +myg

(a) From Egs. (6) and (7), it is apparent that @, and @ are independent of t;. However, if g, =0, we have
from Eqgs. (3) and (4) w, = a)o) and w, =0.

(b) We can write (6) in the form @, = @y /(1 +mylm,) ) 4

which shows that @, depends only upon @g and mg/ny.
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PROBLEM 16.45

Cylinder A has an initial angular velocity of 720 rpm clockwise, and
cylinders B and C are initially at rest. Disks A and B each weigh 5 1b
and have a radius r =4 in. Disk C weighs 20 1b and has a radius of 8 in.
The disks are brought together when C is placed gently onto A and B.
Knowing that g, =0.25 between A and C and no slipping occurs
between B and C, determine (a) the angular acceleration of each disk,
(b) the final angular velocity of each disk.

SOLUTION

Assume Point C, the center of cylinder C, does not move. This is true provided the cylinders remain in contact
as shown. Slipping occurs initially between disks A and C and ceases when the tangential velocities at their
contact point are equal. We first determine the angular accelerations of each disk while slipping occurs.

Masses and moments of inertia:

my=my =24 =200 155081h st
g 32.2fus
me =&=Lb2=0.621121b~s2/ft
g 32.2fts

2
I, =1, = %mArz = %(0.15528) (%) =0.00862661b - s - ft

8

1 1
I =Emc(2r)2 =5(0.62112)(E

2
j =0.138027 Ib-s> - ft

Kinematics: No slipping at contact BC.
@,)pc = (a,) pc £ 30°

(a,)pgc =roy =2ro oy =20 (1)
Friction condition: Fyc = N sc 2)
Kinetics: N ec
Disk B: CSF, =3(Fy): Fec

U

Fyer=1g0p B
F _I_B _ 213 Lgv
pc = O = Q¢
' ' “Ja‘h A
(2)(0.0086266)
Fp =-22200020)
4/12

=0.051760¢ 3)
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PROBLEM 16.45 (Continued)

1l

Nac N
FAC (2 Y4
Disk C:
VEIMe =S(M) s Fae(2r) = Fye(2r) =10
IC
Fye =Fpe +—-0¢
2r
=0.051760c +wac
8/12
F, =0.258800 )
F
FromEq. (2), N,c= oAzcs =1.035200, (5)

+.730°0F =XF,: Wgsin30°+ Fp — F, - c0860°— N~ sin60° =0
(20)sin30°+(0.051760 — 0.25880 cos 60° —1.03520sin 60°)cr- =0

10-0.97415¢. =0
o =10.2654 rad/s’

Fpe =(0.051760)(10.2654) = 0.53134 1b. Fk
F,- =(0.25880)(10.2654) = 2.6567 1b. N AL
N, =(1.03520)(10.2654) =10.6267 Ib.

[ ]
-
Check that Ny >0.
+%60°ZF =XF,;;: Npo —W.c0s30°+ N, cos60°— F, - sin60° =0

Ny =(201b)cos30° - (10.6267 1b) cos 60° + (2.6567 1b) sin 60° = 0
Ny =14.3079 Ib.
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PROBLEM 16.45 (Continued)

(@)  Angular accelerations of disks.

From Eq. (1),

(b)  Final angular velocities.

Time when tangential velocities are equal.

87w —34.23t = 6.8436¢

o, =24r—(102.69)(0.6119) =12.562 rad/s

o =(10.2654)(0.6119) = 6.2813 rad/s

Disk A:
F)EM, =E(M )t Frer=1,0
o, = Facr _ (26567)(4/12) _ 102.69 rad/s?
1, 0.0086266

@, =102.7 rad/s> ) 4
a, =205 rad/s’ ) 4

ap =10.27 rad/s> ) 4

@, =720 rpm = 247 rad/s )

Ve =rwy = %(247: —102.69¢)

(V) 4 = 87 —34.23) fi/s < 30°

Disk A:
Wy =y — O’A’)
=247 -102.69¢ )
Disk C: @ =apt ) =10.2654t )

(V)ea =2roe = (%] (10.2654)¢

(V,)eq = 6.84361 < 30°

t=0.6119s

®, =120.0pm ) <
o, =60.0rpm ) 4
®, =120.0 pm ) <
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PROBLEM 16.46

Show that the system of the effective forces for a rigid slab in plane motion reduces to a single vector, and
express the distance from the mass center G of the slab to the line of action of this vector in terms of the
centroidal radius of gyration k of the slab, the magnitude a of the acceleration of G, and the angular
acceleration «.

SOLUTION

We know that the system of effective forces can be reduced to the vector ma at G and the couple Ia. We
further know from Chapter 3 on statics that a force-couple system in a plane can be further reduced to a single
force.

]

The perpendicular distance d from G to the line of action of the single vector ma is expressed by writing
EIMG =2(Mg)y: o= (ma)d
T 72 72
_loa_mk a d= k“a <

d=—=——
ma ma

QI‘
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PROBLEM 16.47

(Am;) (@ X 1";)

a2 For a rigid slab in plane motion, show that the system of the effective
forces consists of vectors (Am,)a, —(Ami)a)zri',and (Am;)(oXr])
attached to the various particles P; of the slab, where a is the
acceleration of the mass center G of the slab, ® is the angular velocity
of the slab, o is its angular acceleration, and rl.' denotes the position
vector of the particle P, relative to G. Further show, by computing
their sum and the sum of their moments about G, that the effective
forces reduce to a vector ma attached at G and a couple [ o.

SOLUTION

Kinematics: The acceleration of P, is

PIG

a,=a-+a
a,=a+axXr +ox(@xr)
+axr —o’r

1l
o]

Note: that axr/is L tor/
Thus, the effective forces are as shown in Figure P16.47 (also shown above). We write
(Am,)a; = (Am;)a + (Am, ) (@ X1)) — (Am,) @’ r!
The sum of the effective forces is
T(Am,)a, = Z(Am,)a + Z(Am, )(0.X 1)) — Z(Am,)w’r!
T(Amy)a; =aX(Am,) + ax Z(Am,) T, — @ X(Am, )r;
We note that X(Am;,) =m. And since G is the mass center,
S(Am )/ =m7’ =0
Thus, X(Am;)a; =ma (1)
The sum of the moments about G of the effective forces is:
(r/x Amga,) = Zr/ x Ama + Zr/ x (Am, ) (@ x 1)) — Zr/ X (Am, ) ’r!

(r/x Ama,) = (Zr/Am,)a + Z[r; x (X 1)) Am, ] — 0*Z(r) X 1)) Am,

Since G is the mass center, Zr/Am; =0
Also, for each particle, r/xXr/=0
Thus, 2(r/x Amga,) = Z[r/ X (o, Xr))Am, ]
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PROBLEM 16.47 (Continued)

Since a L1/, we have r/x (oxr)) = °er and
X(r; x Ama,) =21 % (Am,)ex
=(Zr/ > Am,)o
Since Xr/* Am, =1 T(x/xAma,) =1« (2)

From Eqgs. (1) and (2) we conclude that system of effective forces reduce to ma attached at G and a
couple 1 0.
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PROBLEM 16.48

A uniform slender rod AB rests on a frictionless horizontal
surface, and a force P of magnitude 0.25 1b is applied at A
in a direction perpendicular to the rod. Knowing that the rod
weighs 1.75 b, determine (a) the acceleration of Point A,
(b) the acceleration of Point B, (¢) the location of the point
on the bar that has zero acceleration.

SOLUTION
Y

m=K ] ;f =
g L -
W, Z S

I=__L .6~ (l‘
w_ %

FLSF =X(F,)y: P=ma=—a | J
g 8

__P _0251b _1 .

w1 T8 78
DEMg =S(M )y PE=Ta=-Yp2

2 12 g

P2 _025b g _6g a:éﬁ)
w 1751 L 7L 7L

We calculate the accelerations immediately after the force is applied. After the rod acquires angular velocity,
there will be additional normal accelerations.

(a)  Acceleration of Point A.

_ L 1 L6 4 4
foa, ca+—a=—g+— —g=—g=—(32.2ft/s* a, =18.40ft/s>— <
A PO =78t 8= =5 ) A
(b)  Acceleration of Point B.
_ L 1 L6 2 2
foa,=a-—a=—g-—-—g=—2g=—2(322ft/s* a, =9.20 ft/s> ~— «
B 2 ¥ 78 8= 58= ) B
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PROBLEM 16.48 (Continued)

(¢)  Point of zero acceleration. A e .
ap,=0
a—(zp—z5)=0
— 1 J,
_a_78 1 G |d—2 G
=T e gk Zp = Ze L/G
7L e T < T
1
Since z. =—L
¢ 2 g L |
ptialii2y
2 6 3 Z
Zp =§(36 in.) zp =24.0in. 4
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PROBLEM 16.49

(a) In Problem 16.48, determine the point of the rod AB
at which the force P should be applied if the acceleration
of Point B is to be zero. (b) Knowing that P =0.25 Ib,
determine the corresponding acceleration of Point A.

SOLUTION
_ W
A 3F =%(Fy)y: P=ma=—a A A_
¢ 12 |-
P 2 -_E | T
Ty 1 (L2t
& = G
1w L
DIMy =S(My)y: Ph= lo=—"La Z
g
— v 8
_12Ph -
Wi g)

(a) Position of force P.

_P L 12Ph
w2 W
p=t0M 6,
6 6
Thus, P is located 12 in. fromend A. 4
L 12P(§) P g
For h==": o= =2_.5%
6 w2 $ T w L)
(b)  Acceleration of Point A.
2 w 2 WL w
aA—ZOZSIb(322ft/ ) aA=9.2Oft/s2—> |
1.751b
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PROBLEM 16.50

A force P of magnitude 3 N is applied to a tape wrapped

around a thin hoop of mass 2.4 kg. Knowing that the body

rests on a frictionless horizontal surface, determine the
. acceleration of (a) Point A, (b) Point B.

SOLUTION

Hoop: I =mr*

FLXF =3(F)y: P=ma

_ P
a=——»
m

EIMG =2(Mg)y: Pr=Ta=mr'e

_P
a_mr ‘>

(a)  Acceleration of Point A.

_ P (P)_ P
LaA=a+r0{=—+r(—]:2—

m mr m
a, = SN s a, =2.50m/s> — <«
24kg
(b)  Acceleration of Point B.
_ P P
i,aBza—raz——r(—)=O a,=0 <«
m mr
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PROBLEM 16.51
A force P is applied to a tape wrapped around a uniform
disk that rests on a frictionless horizontal surface. Show
that for each 360° rotation of the disk the center of the
disk will move a distance zr.
SOLUTION
. - 1 5
Disk: I =—mr
2
F > SF =3(F)y: P=ma -
a=l '
m P
DEM, =S(My)y: Pr=Ia
Pr= lmr20(
2
mr
Let #, be time required for 360° rotation.
0=—at}
2
27 rad = 1(2—})) 2
2\ mr
2 _ 2mr
oop
Let x; = distance G moves during 360° rotation.
1_, 1P(2zxmr
X =—atf =——
2 2m\ P
X, =7r QED. 4
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PROBLEM 16.52

A 250-1b satellite has a radius of gyration of 24 in. with respect to the
y axis and is symmetrical with respect to the zx plane. Its orientation is
changed by firing four small rockets A, B, C, and D, each of which
produces a 4-lIb thrust T directed as shown. Determine the angular
acceleration of the satellite and the acceleration of its mass center G
(a) when all four rockets are fired, (b) when all rockets except D are fired.

=" \Z==
——=

S/ TS =

rq

SOLUTION
Alb 5 41b
Ix _
L= (=
41b 41b i
8 ma,
. 2
W=2501b,  m="- T=mk?=| 2200 (24“"] =31.056 slug - ft
g 32.21s2 )\ 12
(@)  With all four rockets fired:
SF =3F,,: 0=ma a=0 <
EIMG =M g): 4Tr=Ia
32in. 2
~4(41b)| == |=31.056a a=—1.3739 rad/s® )

a=—(1.374 rad/s*)j <
(b)  With all rockets except D:

HSE =S(F)y: —4b=22G 7 =-051520 fus?
322
+|ZF, = X(F,) 0 =%a a.=0 a=—(0515 fi/s?)i <

+) MG =3X(Mg)y: 3Tr=1Ia

32in.
—-3(41b
( )( =

j =31.056a o =—(1.030 rad/s?)j <
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PROBLEM 16.53

A rectangular plate of mass 5 kg is suspended from four
vertical wires, and a force P of magnitude 6 N is applied to
corner C as shown. Immediately after P is applied, determine
the acceleration of (a) the midpoint of edge BC, (b) corner B.

SOLUTION
A B A L*:—- 9<n37n7n<—’{ R
I
G. >E — ( & LE | 300 mm
L?;;é,
3 C D CJL_.
200»;»; VP=6&~
I =%m(b2+ h?) =%(5 kg)[(0.4 m)* + (0.3 m)*]=0.10417 kg-m*
+|SF=%Fy.: P=ma
6N =(5kg)a a=+(12m/s?)k
)IM; =M )y PO2m)=Ta
(6 N)(0.2 m) = (0.10417 kg-m*)or o =—(11.52 rad/s)j
A i}B P ‘
« Ig=(02m)L+ (015 m) R
G~
1: N :
& — Xy ~0-277) 4
D c
z
(a) a; =a+oXrgg

=+(1.2 m/s?)k — (11.52 rad/s®)jx (0.2 m)i

=+(1.2 m/s?)k +(2.304 m/s?)k a, =(3.50 m/s*)k «
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PROBLEM 16.53 (Continued)

(b) a; =a+axrg;
=+(1.2 m/s*)k — (11.52 rad/s)j*[(0.2 m)i +(0.15 m)k]
=+(1.2 m/sHk +(2.304 m/sHk + (1.728 m/s?)i

ay =(1.728 m/s*)i+ (3.5 m/s* )k <«
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PROBLEM 16.54

A uniform slender L-shaped bar ABC is at rest on a
horizontal surface when a force P of magnitude 4 N is
applied at Point A. Neglecting friction between the bar and
the surface and knowing that the mass of the bar is 2 kg,
determine (a) the initial angular acceleration of the bar,
(b) the initial acceleration of Point B.

SOLUTION
(@)
0. w C
B 15 m . o5 )
AN /s <o (m/2)x, +(m/2)x,
Mass center at G yG._ m
s\
St f=1(0'15)+1(0)=0.075m
2
xX=7
'l
Z
T 1 (m 2 M 2 2 2
I =2| —| —[(0.3)" +—((0.075)" + (0.075 =0.0375 kg-
{12(2]( 7+ (00757 +( ))} g'm
XF,=0=mag., ag =0
XF, = -4 =mag,, ag, = —2 m/s?
M ;= —4(0.075) = 0.0375, o = —(8 rad/s®)j
(b) ag=a;+ag; =—2k-8jx(-0.075i - 0.075k) a; = (0.6 m/s?)i — (2.6 m/s>)k 4
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B PROBLEM 16.55

By pulling on the string of a yo-yo, a person manages to make the yo-yo spin,
while remaining at the same elevation above the floor. Denoting the mass of
the yo-yo by m, the radius of the inner drum on which the string is wound by r,
and the centroidal radius of gyration of the yo-yo by k, determine the angular
acceleration of the yo-yo.

SOLUTION

Wa™g
rk;f/

HSF, =S(F))q: T-mg=0; T=mg

)IM; =S(Mg)y:  Tr=Ila
mgrzmlzza
_r8 _rg
0(—];—2 (l—]:—z) 4
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T"' PROBLEM 16.56

The 80-g yo-yo shown has a centroidal radius of gyration of 30 mm. The radius
of the inner drum on which a string is wound is 6 mm. Knowing that at the instant
shown the acceleration of the center of the yo-yo is 1 /s’ upward, determine
(a) the required tension T in the string, (b) the corresponding angular acceleration

of the yo-yo.
SOLUTION
T 4naiuri?fti
J_fd
r=
emm
W =mg
W =0.080 kg (9.81 m/s*) =0.7848 N
HSF, =S(F): T-W a
4
T —(0.08 kg)(9.81 m/s*) = (0.08 kg)(1 m/s*)
T =0.8648 N
(a)  Tension in the string. T=0865N <«
)IM, =M ) y: Tr=Iox
(0.8648 N)(0.006 m) = mk “or
5.1888x107° N - m = (0.08 kg)(0.03 m)* &
(b)  Angular acceleration.
o =72.067 rad/s’ o =72.1rad/s? ) 4
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PROBLEM 16.57

A 6-1b sprocket wheel has a centroidal radius of gyration of 2.75 in. and
is suspended from a chain as shown. Determine the acceleration of
Points A and B of the chain, knowing that 7, =31b and 7, =4 Ib.

SOLUTION

w
m=—

g yA
T 7.2

. 2 .

[ 6 2.75in. )

32.2 ft/s? J\ 12 in./ft
=9.7858x107° slug - ft*
r=3.5in.

+ 5F, =X(F))q: Ty +Ty;—~W=ma

[ 6 |_
Ta+ Ty =6 lb_(32.2 ft/szJa
+ @ =5.3667(T, + T, —6) (1)

Jr‘>2MG =X(Mg)er: T (%ft) =T, (%ft) =la

(= TA)(%ft) =(9.7858 %107 slug - ft*)or
+)ar=29.805 (T, —T,) 2)
Given data: T,=31b, Ty,=41Ib
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PROBLEM 16.57 (Continued)

Eq. (1): a=5.3667(3+4—6)=>5.3667 ft/s’
Eq. (2): +) or =29.805(4 — 3) = 29.805 rad/s’
+ a, =(ay),
=a+ro
53667 22 | (29.805)
12
= 3.3264 fu/s’ a, =3.33 fus’) <
a, =(ay),
=a+ro
=5.3667 + (2) (29.805)
12
— +14.06 ft/s’ a, =14.06 fus* | <
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A4 PROBLEM 16.58

A The steel roll shown has a mass of 1200 kg, a centriodal radius of
Il gyration of 150 mm, and is lifted by two cables looped around its
s shaft. Knowing that for each cable 7, =3100 N and 75 =3300 N,
determine (a) the angular acceleration of the roll, (b) the acceleration
of its mass center.

SOLUTION
Data: m=1200 kg
I =mk* = (1200)(0.150)* = 27 kg - m*
r=Lg =1(0.100) =0.050 m
20 2
T,=3100 N _
27 1T ma.
T, =3300 N A B
Angul leration. -
(a) ngular acceleration ) - JIOL
VEM, =X(Mg)ye: 2Tyr—2T,r =10
\_/ \__/
oo 2T =Ty)r mq
I
= (23300~ ;7100)(0'05 0 0.=0.741rad/s? ) «

(b)  Acceleration of mass center.

| BF, =5(F))y: 2T, +2T, —mg =ma

g 20T
m
_ 263100+3300) ¢, a=0857 mis’f «
1200
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PROBLEM 16.59

The steel roll shown has a mass of 1200 kg, has a centriodal
radius of gyration of 150 mm, and is lifted by two cables looped
around its shaft. Knowing that at the instant shown the
acceleration of the roll is 150 mm/s> downward and that for each
cable 7, =3000 N, determine (a) the corresponding tension 7,
(b) the angular acceleration of the roll.

SOLUTION

Data: m=1200 kg
I =mk* = (1200)(0.150)* = 27 kg - m*

r =ld =l(0.100) =0.050 m
2 2

2Th , AV
T, =3000 N N
a=0.150 m/s?| _
— A
(a) Tension in cable B. - =
+ 5F, =X(F,): 2T, +2T, —mg =—ma
mg —ma my T
Ty = meme Ty
2
m(g —a)
S
> A
_ (1200)(9.821 —0.150) 3000
=2796 N T, =2800N <
(b)  Angular acceleration.
)VEMy =S(M )i 2Tpr—2T,r=1c
AT —
o 2T =T
1
_ (2)(2796 —3000)
27
=—15.11 rad/s’ 0c=15.11rad/52) <
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TT\ TTH PROBLEM 16.60

A 15-ft beam weighing 500 1b is lowered by means of two cables
A g unwinding from overhead cranes. As the beam approaches the
ground, the crane operators apply brakes to slow the unwinding
o) ) motion. Knowing that the deceleration of cable A is 20 ft/s> and
\ the deceleration of cable B is 2 ft/sz, determine the tension in each
| | cable.
i 15 ft |
SOLUTION
Kinematics: a,=a, +15f)o > _
B =44 = @ e {L a 6=
ol =20 +150 20 fY™ il s 244
n (3
0.=12 rad/s? ) b—asw - 250 -
5=%(aA +ay) =%(2+ 20)
a=111us]
Kinetics:
47 7a y To 472
el e
25t ~ete=75t — A
s®
wal.500/b l’- 2 4
I= imL2
12
= iﬂz (15 ft)?
12 32.2 ft/s

=291.151b-ft-s>
+) M, =3(My): T,(5ft)—W (2.5 fty=ma(7.5 ft) + I o

5001

b 2
T, (15 ft) — (500 1b)(7.5 ft) = ——— (11 ft/s")(7.5 ft
A (15 1) —( )(7.5 ft) 32.21%/82( )(1.5 1)

+(291.15 1b - ft/s)(1.2 rad/s*)
15T, —3750=1281+349.3

T, =358.7 1b T,=3591b <
+H SF=3F;: T,+T,-W=ma
358.7 1+ T, =500 T = — 2211 fys?)
32.2 fifs
T, =312.21b T, =3121b 4
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AT TTH PROBLEM 16.61

A 15-ft beam weighing 500 1b is lowered by means of two cables

W - unwinding from overhead cranes. As the beam approaches the
A 12 ft B D

ground, the crane operators apply brakes to slow the unwinding

motion. Knowing that the deceleration of cable A is 20 ft/s* and

the deceleration of cable B is 2 ft/sz, determine the tension in each

cable.
| 15 ft |
SOLUTION
Kinematics: ag =a, +12a
= A,=
2l =201 +120 ac 4 £ r;j%a
0L=1.5rad/s2) ?0“/5" il ‘f & 18 1
_ rn, - .
a:aA+7.50( L_7.:n__‘r4'm F_
=20 T + (7.5)(1.5)i
a=8.75 ft/sZT
7=l =i@(15)2 =291.15Ib-ft-s*
2 12 32.2
Kinetics:
T .
a Jd
-?‘n ! s ' 3 = hl - l’ e‘ 'Bﬁ
PPY I WP Y. o HSR e
2/":@0 b 7

F)IMy =S(M )i Ty(12 f)+W (4.5 ft) = ma(4.5 f) + I o

500 Ib ,
T, (12 ft) — (500 Ib)(4.5 ft) = ———(8.75 f/s>)(4.5 ft
112 ft)—( )¢ ) 32.2ft/s2( X )

+(291.15)(1.5 rad/s?)
12T, — 2250 =611.4+436.7 T,=2751b 4

H TF=SFy: T,+T,-W=ma

2751b+T, —500=352L(;(8.75) T, =3611b 4
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PROBLEM 16.62

Two uniform cylinders, each of weight W = 14 1b and radius r = 5 in.,
are connected by a belt as shown. If the system is released from rest,
determine (a) the angular acceleration of each cylinder, (b) the tension
in the portion of belt connecting the two cylinders, (c) the velocity of the
center of the cylinder A after it has moved through 3 ft.

SOLUTION

Kinematics
Leta,=a Ai be the acceleration of the center of cylinder A, a,, =a ABi be acceleration of the cord between

the disks, a, =, ‘> be the angular acceleration of disk A, and a,; = ¢/ ) be the angular acceleration of disk B.

a,=ra, (1
Aup =0, +10, =2rc, =ro 2)
Masses and moments of inertia
mA = mB =m (3)
- - 1
I,=1,=—mr “4)
2
Kinetics: Let T4p be the tension in the portion of the cable between disks A and B.
Disk A: VEMp =S(Mp)r: Wy —2rT,, = rmya, + 1,0, (5)

V
‘0
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PROBLEM 16.62 (Continued)

Disk B: DIM =S(Mp)p: 1Tyg =504 (6)

1

Add 2xEgq.(6) to Eq. (5) to eliminate Tp.
rW,y=rmua, + TAaA + 2730{3 @)
Use Egs. (1) and (2) to eliminate a, and ¢

"W, =rm,(ra,)+ 1,0, +21,-Qa,)

= (mAr2 +7A +4TB)05A

=| mr? +lmr2 +4(lmr2) o,
2 2

=35mr’a,
rWy lg
o, =—=
AT 35m? 3.5r
2g
oy =20, =
B A S5r
— 1 2
T,a, (tmr)Qg)
From Eq. (2), T, =878 _
4@ A r 3.572
_mg_W
35 35
Data: W=141b, g =322 ft/s%,
F=Sin=—ft
12
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PROBLEM 16.62 (Continued)

(a)  Angular accelerations.

2
A :% =22.08 rad/s @, =22.1radis? ") 4
(3.5) (3 ft)
a, =20, a, =442 rad/s> ) 4
(b)  Tension Typ.
W _141b
Typg=—=——r T,; =4.001b <«
P35 35 A
(c)  Velocity of the center of A.
a, =iaA _3 (22.08) =9.20 ft/s*

12 12
vi=[(v,),] +2a,d,

=0+ (2)(9.20 ft/s)(3 ft) = 55.2 ft*/s*

v, =743 fts v, =7.43fts| <
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PROBLEM 16.63

E’é 1 A beam AB of mass m and of uniform cross section is suspended
é% from two springs as shown. If spring 2 breaks, determine at that
A ‘W instant (a) the angular acceleration of the bar, (b) the acceleration
‘ of Point A, (¢) the acceleration of Point B.
I L
SOLUTION
1 1
Statics: T,=T,=—W=—m
1= =y 5 8
(a)  Angular acceleration:
7, = gm9 r
i, & _ 4 __~fs g
ﬂ L — = L L ) |
l L/a ‘V_V: mg yma

lmg L :imLza
2 2 2
0{—3—g a—3—g)4
L L

+IF, =X(F,)y: W-T,=ma

1 _
mg ——mg = ma
8 > 8

ile alyl
T8 T8

(b)  Acceleration of A: 4 =39
a,=a;+a aﬁ Jad A 8
A G AIG = ‘ng a
ta —Lle-Ly ) tasly 170
17287,
1 L(3g
28 Z(L]
ay=-8 aA:gT<
(c)  Acceleration of B:
Ap =a; tagg
_ L 1 L(3g
Hag=a+—a=—g+—| = |=+2 a;=2g,4
iaB a > Zg Z(L) 8 B gi
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PROBLEM 16.64

A beam AB of mass m and of uniform cross section is suspended

1 Z from two springs as shown. If spring 2 breaks, determine at that
instant (@) the angular acceleration of the beam, (b) the acceleration
Al 3 of Point A, (c) the acceleration of Point B.
3L ‘ L __’
' 4 Ty
SOLUTION
mn
- 2
3/ 3 (]ii m L ) o
; e ekl &g el 1

+| zF, = 2% = mag
1
+) ZMGz[—n;gjézamLza
@ aczz?gia “_2%)4
2¢ 2gL
L R AR
g
aA——T4
3
2¢ 2gL| 5
© wmiFry T
58
aB——i4
3
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PROBLEM 16.65
A beam AB of mass m and of uniform cross section is suspended from two springs as shown. If spring
2 breaks, determine at that instant (a) the angular acceleration of the bar, (b) the acceleration of Point A,
(¢) the acceleration of Point B.
% 1 2
30° dﬁﬂm 30°
Al : B
‘ L ‘ L L
I 3 | 3 | 3 |
SOLUTION
Before spring 1 break T I
efore spring 1 breaks: = Tz
. . 30 G ./(3; B
+1 SF, =0: 7;5in30°+ 7 5in30°~W =0 A = —
Since T} = T, by symmetry, !": 1"3 '
27, sin30°=W =mg
T, = mg > 30°
Immediately after spring 2 breaks, elongation of spring 1 is unchanged. Thus, we still have
T, = mg ™ 30°
J-w L
! 3 _
_yb%é = e G
A/ B T
W=m Jﬁ gg‘} -
(a)  Angular acceleration:
. L -
)IM =X(Mg)y: (T;sin 30 =T
) L 1 , 8
mg sin30°)— = —mL o a== ) 4
Omgsin30° =13 L
FIF =X(F) e T, cos30° =ma,
mg cos30° =ma, a, =0.866g —
+IF, =X(F,): W -T;sin30°=ma,
mg —mg sin30° =ma, a, =0.5g i
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PROBLEM 16.65 (Continued)

Accelerations of A and B

e B % 8
A &G 1) G~ =__
+ A2 (A 1a
172 a3/t Ve {8
, A= Vg
Translation +  Rotation about G
(b)  Acceleration of A:
a, =a; +a,; =[0.866g ~—]+[0.5g |1+ [%}[%)T
=[0.866g ~—]+0 a, =0.866g ~— <
(¢)  Acceleration of B:
L
a, =a; +ay; =[0.866g ~—]+[0.5¢ |1+ [%}[E]i
=[0.366g ~—1+[g |] a, =1.323g 3 49.1° 4
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PROBLEM 16.66

A thin plate of the shape indicated and of mass m is suspended from
two springs as shown. If spring 2 breaks, determine the acceleration at

that instant (a) of Point A, (b) of Point B.

b

A square plate of side b.

SOLUTION
I =—m(b* +b%)
Tzlmb2
6
. 1
Statics: T, =T, ZEW =—mg
. b -
Kinetics: +)ZMG=Z(MG)eff: T§=10{
7= T b I
- % & = I
%mg(%):—mbza '224”9 ‘K—"‘; R A (I’G g]
W=mg e
_38
2b‘>
+|ZF, =X(F,)y: W-T,=ma
m, —lm =ma ﬁ—l i
8 5 8 28
Kinematics:
29
% o2 c New b
PG et T
& - a @ gﬂé
a, &
-8B
= Translation + Rotation

Plane motion =
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(a)

(b)

PROBLEM 16.66 (Continued)

aAZZg
5
aBZZg
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PROBLEM 16.67

A thin plate of the shape indicated and of mass m is suspended from
two springs as shown. If spring 2 breaks, determine the acceleration at

that instant (a) of Point A, (b) of Point B.

A circular plate of diameter b.

SOLUTION

Statics: T

Kinetics:  +)IMg=S(Mg)y: T, % =Ta Ti=
é’"’ b, & -

+|ZF, =X(F,)ye: W—T,=ma
mg—%mgzmﬁ §=lgi

Kinematics:

4a f*d
() 1
a

a8

Plane motion = Translation + Rotation

(a) a,=aG+ay;=a+ %aTz%gi+ %[2%}T aAzagTi

(b) aBzaG+aB,G=5i+ —aiz%g i—i— %[2%)i aBzag
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PROBLEM 16.68

A thin plate of the shape indicated and of mass m is suspended
from two springs as shown. If spring 2 breaks, determine the
acceleration at that instant (a) of Point A, () of Point B.

A rectangular plate of height b and width a.

D>r - 4"

————————————————— ® B
SOLUTION
M . . _ 1 2 2
oment of inertia. I=—m(a”+b")
h T,
5% H5>
Tot
— G s
- na,
m -
& | may
Statics: a, =0, a,=0, a=0

Draw the force triangle showing equilibrium.

T, =T, = mgsin45°

Kinetics: T,=0
Since there is no time for displacements to occur, the tension in spring 1 remains equal to

T, = mgsin45°

1 1
Then T =|—mo—| +| =
= 3me—| | 3]
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PROBLEM 16.68 (Continued)

+XF =ma: [mg i] +[%mg —»} +[lmgT =m§}

bl

1 a 1 by -
(+IM, =3(My) Sme (5]+—mg (5) ~Ta

2
1 1 2 2 3g(a+b)
—mg(a+b)=—m(a” +b" )
jmelatby=om ) b )
: e
In vector notation, a= 2 gi-j)
0!:_3gz(a+ia)k
a +b
Kinematics. A, =A+UXTp; — O Ty

Since there is no time to acquire angular velocity, @* =0

1.
(@) AccelerationatA. 1, = —Eal

| S 3 +b 1,
aAZEg(l—J)+|:—%kj|X(—Eal]

1 3g(a+b)a
= — 1— +—
2g( b)) e

1
(b)  Acceleration at B. Tpo = Eai

| 3g(a+b) 1 .
aBZEg(l—J)+|:—Wk}X(Eal]

3g(a+b)a . <

r . .
= — 1— —_
2g( b 24 b?
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PROBLEM 16.69
A sphere of radius r and mass m is projected along a rough horizontal surface with the
initial velocities indicated. If the final velocity of the sphere is to be zero, express, in
terms of vy, r, and g, (a) the required magnitude of ®,, (b) the time ¢, required for
the sphere to come to rest, (c) the distance the sphere will move before coming to rest.
SOLUTION
Kinetics: I =mk*>
FSF =X(F)y: F=ma
Hmg=ma a=[ g~
)IM; =S(Mg)y: Fr=lo
(ymg)r= mk *or
_ 8T
=T
Kinematics: Fov=vy,—at
V=V — M4 81
For v=0 when =1, 0=v,— . 84; tlzv—o (1)
8
+‘> w=a,—-ot
0=, - Hi8r Ezgr t
H, gr k*
For w=0 when t=¢ 0=a)0—f—2t1; 4= o} ()
k H 8"
Set Eq. (1) =Eq. (2) —= Wy @y ==V, 3)
8 8T k
. 1_,
Distance traveled: 8 = Vot — Eat1
2
v 1 v v
N ) (_0]__(#](8)(_0] 5 § = 0 “4)
g ) 2 H 8 2.8
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PROBLEM 16.69 (Continued)
i 72 _2
For a solid sphere k*= 5 r
r S5y 5V
Eq. (3): = y ==0 -0
(Cl) q() a)O %rzvo >, (1)0 2r‘>
(b) Eq.(1) h=0 4
e 8
2
(c) Eq.4) 5 = 0
2.8
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PROBLEM 16.70
Solve Problem 16.69, assuming that the sphere is replaced by a uniform thin hoop
of radius r and mass m.
PROBLEM 16.69 A sphere of radius r and mass m is projected along a rough
horizontal surface with the initial velocities indicated. If the final velocity of
the sphere is to be zero, express, in terms of vy, 7, and 4, , (a) the required magnitude
of w,, (b) the time #, required for the sphere to come to rest, (c) the distance the
sphere will move before coming to rest.
SOLUTION
Kinetics: [ =mk*
FSF =X(F): F=ma
Hmg =ma  a= [ g ~—
)IM; =3(Mg)y: Fr=la
(Ymg)r= mk o
M 8T
o= ]%2 )
Kinematics: Fov=vy,—at
V=V~ My 81
For v=0 when t=1, 0=v,— . 8; tlzv—o (1)
e 8
No=a,-at
_ H 8T
D=, — ];_zt
72
For w=0 when =1, Oza)o—’uffrtl; H= k 2)
k H 87
Vo k* r
Set Eq. (1) =Eq. (2) —= Wy; @y ==V, 3)
H 8 H 8T k
. 1_,
Distance traveled: S| = Vol — Eatl
2 2
v 1 v v
51 zvo[_oJ_—(ﬂkg)[_oJ ; 5= 4)
mg) 2 He 8 2.8
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For a hoop,

(a) Eq.(3):
(b) Eq.():
(¢)  Eq.(4):

PROBLEM 16.70 (Continued)
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PROBLEM 16.71
A bowler projects an 8-in.-diameter ball weighing 12 Ib along an alley with a
forward velocity vy of 15 ft/s and a backspin w, of 9 rad/s. Knowing that the
coefficient of kinetic friction between the ball and the alley is 0.10, determine
(a) the time #; at which the ball will start rolling without sliding, (b) the speed of
the ball at time #;, (¢) the distance the ball will have traveled at time ¢;.
SOLUTION
Kinetics:
X SF =%(F)y: Mymg=ma
™é
A= g ~——
)IM; =X(Mg)y:  Fr=la
(Y,mg)r= %mrza
2 r
Kinematics: When the ball rolls, the instant center of rotation is at C, and when
t=t, v=row (D)
v - _
- V=", —at=v,— i gt (2)
‘ 5 8
O=—0y+ 0t =—@ +——=t
c 0 “ 2 r
When 1 =t;:
Eq.(D: v=rw: Vo — M 84 =(—a)0 +%Mtljr
r
_ 5
Vo — M 8 =_w0r+5ﬂkgt1
2 (vy +ray)
=20 (3)
8 M8
vy =15ft/s, @, =9radls, r=4in.= %ft
1
15+-09)
2 3
(a) H=—————%=1.59725s =1597s 4
7 0.132.2)
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PROBLEM 16.71 (Continued)

(b) Eq. () Vi = Vo~ 484
=15-0.1(32.2)(1.5972)
v, =15-5.1429
=9.857 ft/s 7, =9.86 ft/s 4
(©) a=p.g=0.1032.21t/s*)=3.22ft/s* ~—

U B
s = Vol _Eaﬁ

=15 ft/s)(1.597 s) —%(3.22 ft/s2)(1.597 s)*

=23.96-4.11=19.85ft 5 =19.85ft 4
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PROBLEM 16.72

Solve Problem 16.71, assuming that the bowler projects the ball with the same forward
velocity but with a backspin of 18 rad/s.

PROBLEM 16.71 A bowler projects an 8-in.-diameter ball weighing 12 Ib along an
alley with a forward velocity v, of 15 ft/s and a backspin w, of 9 rad/s. Knowing that
the coefficient of kinetic friction between the ball and the alley is 0.10, determine
(a) the time #, at which the ball will start rolling without sliding, (b) the speed of the
ball at time 7, (¢) the distance the ball will have traveled at time ¢;.

SOLUTION
Kinetics:
4-I—_2’1;‘,r:2(F',vc)eff: Iukmg:mc_l @‘ -
- - Mé
a=4g Fe
)IM =S(M )y Fr=Ila Nzomsg [ v
2 .Z%‘ EE‘_, l"L
(,ukmg)r=gmr2a
5 ,ng )
Kinematics: When the ball rolls, the instant center of rotation is at C, and when
t=t, v=ro ey
13 o ,
' V=y,—at=v,— 8 2)
_ _ S g
c O=—0y+ 0t =—@y +——>t
2 r
When r=1;:
Eq. (1) v=rw: VO—,ukgtl—[ a)o+ 'ukg jr
r
_ 5
Vo — M 84 z_a’o’”+5ﬂkg’1
vy +ray)
Wo +7a%) (3)

_2
LT He 8

vy =151t/s, @, =18rad/s, rzéft
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PROBLEM 16.72 (Continued)

2 (15+4018))

a) Eq. Q) == -18634s 1, =1.863s <
@  Bd.C) "7 010322) !
(b) Eq. (2): v =V — 148"
=15-0.1(32.2)(1.8634)
v, =15-6.000
=9 ft/s v, =9 ft/s 4
(©) a=u,g=0.1(32.2ft/s*) =322 ft/s* ~—

Fos =y —Ec_ztf

= (15ft/s)(1.8634 s) —%(3.22 ft/s?)(1.8634 s)*

=27.95-5.59
=22.36ft 5 =2241t 4
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PROBLEM 16.73

A uniform sphere of radius r and mass m is placed with no initial velocity
on a belt that moves to the right with a constant velocity v,. Denoting by
My the coefficient of kinetic friction between the sphere and the belt,
determine (a) the time #; at which the sphere will start rolling without
sliding, () the linear and angular velocities of the sphere at time #,.

—- V|

SOLUTION
Kinetics: . 3F =3%(F,)y: F=ma
MH,mg =ma

a=/8—
EIMG=2(Mg)y: Fr=la

(yymg)r= %mrza

5 18
2 r ‘>
Kinematics: Fov=at=yu, gt (1)
+‘>a)=at=—Mt 2
r

Point C is the point of contact with belt.

v =V+a)r=,ukgt+[gﬁt)r
r

7
Ve Zgﬂké’f

(a)  When sphere starts rolling (¢t =1,), we have

Ve =V
7 2y
vV, =— t t, =———— 4
l Zﬂkgl LT He 8
(b) Velocities when ¢ =¢
Eq. (1): 7=ﬂg[gLJ v=2, - <
T g 7
Eq. (2): w:(EM) 2w (,,ziﬁ‘> <
2 r T 8 7r
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PROBLEM 16.74

A sphere of radius r and m has a linear velocity v, directed to the left and no

\'4'_ angulgr velocity as it .is pla.ce.d on a belt moving to the r.ight with a constant
velocity v;. If after first sliding on the belt the sphere is to have no linear
—- V|

velocity relative to the ground as it starts rolling on the belt without sliding,
determine in terms of v; and the coefficient of kinetic friction , between
the sphere and the belt (a) the required value of vy, (b) time #, at which the
sphere will start rolling on the belt, (c) the distance the sphere will have
moved relative to the ground at time #,.

SOLUTION
Kinetics: FL3F =X(F)y: F=ma
M, mg =ma
a=ug—
EIM; =2(Mg)y: F, =l
5o
(ymg)r= Emr o
5 8
a==
2 r ‘>
Kinematics: SV =y —at=vy -y gt (1)
+‘>a):a[:§Lgt (2)
2 r

Point C is the point of contact with belt.

+ _ —_—
Leve=—vV+ro

— S8 r—\¥
Ve=—V+r . ‘ :'_E
Ve _ 8, 3)
2
But, when t=¢, v=0 and v, =y,
5 2v
Eq. 3): v =208y, =20
2 5.8
Eq. (1): V=V, — 8t
2
When =1, v =0, Ozvo_ﬂkg[ A ] V():gw |
Su g 5
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PROBLEM 16.74 (Continued)
Distance when ¢ =1;: Fos=vwy —%atl2
2 Y 2 ) 1 2 )
v v

s—(—vlj L -=8) -
5 \spsg ) 2 54,

Szi(i—ij' S:iid— |
#g\25 25 25 4 8
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PROBLEM 16.CQ4

A cord is attached to a spool when a force P is applied to the cord as shown. Assuming the spool rolls without
slipping, what direction does the spool move for each case?

Case 1: (a) left (b) right (¢) It would not move.
Case 2: (a) left (b) right (¢) It would not move.
Case 3: (a) left (b) right (¢) It would not move.
<
~
Case 1 Case 2 Case 3

SOLUTION

Answer:

Case 1: (a)
Case 2: (a)
Case 3: (b)
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PROBLEM 16.CQ5

A cord is attached to a spool when a force P is applied to the cord as shown. Assuming the spool rolls without
slipping, in what direction does the friction force act for each case?

Case 1: (a) left (b) right (¢) The friction force would be zero.
Case 2: (a) left (b) right (¢) The friction force would be zero.
Case 3: (a) left (b) right (¢) The friction force would be zero.
- N\r
~
Case 1 Case 2 Case 3
SOLUTION
Answer:
Case 1: (b)
Case 2: (b)
Case 3: (b)
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PROBLEM 16.CQ6

A front wheel drive car starts from rest and accelerates to the right. Knowing that the tires do not slip on the
road, what is the direction of the friction force the road applies to the front tires?

(a) left
(b) right

(¢) The friction force is zero.

SOLUTION

Answer: (b)
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PROBLEM 16.CQ7

A front wheel drive car starts from rest and accelerates to the right. Knowing that the tires do not slip on the
road, what is the direction of the friction force the road applies to the rear tires?

(a) left
(b) right

(¢) The friction force is zero.

SOLUTION

Answer: (a)
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’«— 6 in. ﬂ__ PROBLEM 16.F5

A uniform 6 X 8-in. rectangular plate of mass m is pinned at A. Knowing the
angular velocity of the plate at the instant shown is @, draw the FBD and KD.

8 in.

|

SOLUTION

Answer:
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PROBLEM 16.F6

Two identical 4-1b slender rods AB and BC are connected
by a pin at B and by the cord AC. The assembly rotates in
a vertical plane under the combined effect of gravity and
a couple M applied to rod AB. Knowing that in the
position shown the angular velocity of the assembly is o,
draw the FBD and KD that can be used to determine the
angular acceleration of the assembly and the tension in
cord AC.

SOLUTION

Answer:

//i l-Bca

/)

Ty =7/
o m(e’ry)

& )‘ —4/s
. m(m’r.)l Ipa

m(ary)

m(ar;)
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PROBLEM 16.F7

The 4-1b uniform rod AB is attached to collars of negligible mass
which may slide without friction along the fixed rods shown.
Rod AB is at rest in the position € = 25° when an horizontal
force P is applied to collar A causing it to start moving to the
left. Draw the FBD and KD for the rod.

SOLUTION

Answer:
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PROBLEM 16.F8

A uniform disk of mass m =4 kg and radius r = 150 mm
is supported by a belt ABCD that is bolted to the disk at
B and C. If the belt suddenly breaks at a point located
between A and B, draw the FBD and KD for the disk
immediately after the break.

SOLUTION
Answer:
Y
J | Wemsg \ -
30" -
g™ N ig
\
e ™% fc
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PROBLEM 16.75

Show that the couple la of Figure 16.15 can be eliminated by attaching the vectors
ma, and ma, ata Point P called the center of percussion, located on line OG at a distance
GP =k*/7 from the mass center of the body.

SOLUTION

We first observe that the sum of the vectors is the same in both figures. To have the same sum of moments
about G, we must have

)IM; =EMg: la=(ma,)(GP)

mk *oc = mr (GP) GP = (QED. <«

Note: The center of rotation and the center of percussion are interchangeable. Indeed, since OG =7, we may
write

2 2
GP = k— or GO= k—
GO GP

Thus, if Point P is selected as center of rotation, then Point O is the center of percussion.
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Do

PROBLEM 16.76

A uniform slender rod of length L = 900 mm and mass m = 4 kg is suspended
from a hinge at C. A horizontal force P of magnitude 75 N is applied at end B.

Knowing that 7 =225 mm, determine (a) the angular acceleration of the rod,
(b) the components of the reaction at C.

o[~

I
(3]

Q Q
N

o~

A

B
SOLUTION
[} A
. - -
(a)  Angular acceleration. c, t e T le
a=ra 7=émL2 Se = I
p e
L . cil—t ﬁa_:r‘é
F)IM =M ) P(7+E) =(ma)r + I a‘_ 1
F4
N
=(mro)r + —mL o B U —
(mror) ) > B
Plr+Lll=m[r+Llr|a
2 12
i 0.9 m ,» 1 2
Substitute data: (75 N)| 0.225 m + 5 =(4 kg)| (0.225 m) +E(O.9 m)° |
50.625=0.4725cx
o =107.14 rad/s> 0 =107.1rad/s* ) «
(b) Components of reaction at C.
+15F, =%(F,)yp: C,-W =0
C, =W =mg = (4 kg)(9.81 m/s”) C, =392 N <
L SF =X(F,)y: C,—P=-ma
C.=P-ma=P-m(ra)
=75 N — (4 kg)(0.225 m)(107.14 rad/s”)
C.=75N-964N
=-214N C,=214N-— <
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PROBLEM 16.77

In Problem 16.76, determine (a) the distance r for which the horizontal component of the reaction at C is

zero, (b) the corresponding angular acceleration of the rod.

SOLUTION
(a) Distancer. a=ro
TzimL2
12
FSF =%(F): P=ma
P=m(ro)
P
a=—
mr
L —
DIMG =Ml P =Ta
Pl
2 12
pé:im[} i_
2 12 mr
L_r
2 12r
- lL e 900 mm
6
(b)  Angular acceleration.
P P P
Eq. (1): a=——=— =6—
mr m(g) mL
_ 6(75N)
(4 kg)(0.9 m)

=125 rad/s*

s 0

»

a
T a
1 Cx=0 )
— c 4 -
| Iw
[T =24
mna
g; A
— 8 B
(D
7 =150 mm <«

0. =125rad/s’ ) <
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PROBLEM 16.78

©)

A
T A uniform slender rod of length L = 36 in. and weight W = 4 1b hangs freely from a hinge
at A. If a force P of magnitude 1.5 Ib is applied at B horizontally to the left (7 = L),
determine (a) the angular acceleration of the rod, (b) the components of the reaction at A.

Yy UB
SOLUTION
6_1210( TzimLz .A’ o a
2 12 A r -r
- DL+ T = M e |
+)IM, =%(M )y PL= (ma) -+ Tt i -
6 z —-
v
= méa +—mlo s
2 )2 12 P B
PL=Ymia
3
(@)  Angular acceleration. o= 3—P
mL
3(1.51b)
( 32; lfl:jsz ) (310
=12.08 rad/s> 0. =12.08 rad/s’> ) «
(b)  Components of the reaction at A.
+15F, =X(F))q: A, -W=0
A =W =41b A, =4001| <
FL3F =X(F,)y: A, —P=-ma
A —pom(La)opomE(3)_F
2 2\ mL 2
A, =—§=—%=—0.75 b A =0.7501b-— <«
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PROBLEM 16.79
-— (@A
T In Problem 16.78, determine (@) the distance & for which the horizontal component of the
| reaction at A is zero, (b) the corresponding angular acceleration of the rod.
1
I PROBLEM 16.78 A uniform slender rod of length L = 36 in. and weight W = 4 1b hangs
freely from a hinge at A. If a force P of magnitude 1.5 Ib is applied at B horizontally to the
P left (h = L), determine (a) the angular acceleration of the rod, (b) the components of the
reaction at A.
x UB
SOLUTION
Ay
L - 1 A,=0 a
a=—o T 0
2 ’ —4 1/2
7=t h AL
12 G LA R
pe) G
FIF, =3(F) o P=ma = i
P= m(Eaj gL E 8
2
(b)  Angular acceleration. o= 2—P
mL
2(1.51b
__251) o =8.05 rad/sz) |
4b_) 3 )
( 32.2 fus? )
LY —
F)IM = (M ;) P(h _5] =Io: P(h-L)
P h—£ =imL2 2P ZE
2) 12 mL 6
2) 6 2 6 3
(a) Distance h. h=241in. 4
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PROBLEM 16.80

The uniform slender rod AB is welded to the hub D, and the system
rotates about the vertical axis DE with a constant angular velocity @,
(a) Denoting by @ the mass per unit length of the rod, express the
tension in the rod at a distance z from end A in terms of w, [, z, and ®,
(b) Determine the tension in the rod for w = 0.3 kg/m, / = 400 mm,
=250 mm, and ® = 150 rpm.

SOLUTION

Consider motion in the horizontal plane. Since @ is constant, the angular acceleration is zero. Only normal
acceleration, i.e., along the rod occurs. For a section defined by the coordinate z, the acceleration of the mass
center of the portion extending from z to the section is

a=ra’ =1-z2)&"

Kinetics. The mass of the section is
m=wz
2
6 D —
i [ | S Y e [ e ] 1¢’::~\ JL’
A ra Qa & ~mo
4~ ] L-%
(a) F.YF=%Fy: T=ma
2
=(wz)(l—£]a)2 Tzw(l —Z—sz |

2 2

(b) Data: ®w=150rpm = % =57 rad/s

z=0250m, [=0400m, w=0.3kg/m
2
T=(0.3 kg/m){(OA m)(0.25 m) — @} (57 rad/s)* =5.09 N

T=509N <«
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PROBLEM 16.81

The shutter shown was formed by removing one quarter of a disk of
0.75-in. radius and is used to interrupt a beam of light emanating from a
lens at C. Knowing that the shutter weighs 0.125 1b and rotates at the
constant rate of 24 cycles per second, determine the magnitude of the
force exerted by the shutter on the shaft at A.

SOLUTION
See inside front cover for centroid of a circular sector. .
_ _ 2rsina d‘:;r P= s
T 3a
__2(0.75in.)sin (G )
Te 3G
7 =0.15005 in.
a, = ra’
=24 rad/s R
=24(2x) rad/s = — )

@ =150.8 rad/s

+/ $F =%F,: R=ma,=mra’

_(0.125 1[)2) Lo.lsoos ft] (150.8 rad/s)?
32.2 ft/s 12
R=1.10381b
Force on shaft is R=1.1041b #

Magnitude: R=1.1041b 4
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PROBLEM 16.82

A 6-in.-diameter hole is cut as shown in a thin disk of 15-in.-diameter. The disk
rotates in a horizontal plane about its geometric center A at the constant rate of
480 rpm. Knowing that the disk has a mass of 60 1b after the hole has been cut,
determine the horizontal component of the force exerted by the shaft on the
disk at A.

SOLUTION

Determination of mass center of disk

We determine the centroid of the composite area:

YA =T A - A, or X(A— A) =T A - %A

—_ A -%A _ 0- ®z3)?*  ®7)

: s=-— 22 =-0.33333in.
A-4,  7(15°-703) 15°2-(3)

Kinetics

¥ =0.23333 in,

Mass center G coincides with centroid C

@ =480 rpm = 50.265 rad/s

a=rw’= (%] (50.265 rad/s) = 70.183 ft/s>

_ (60Ib

SF=X(F)..: A=ma=|—— |(70.183 ft/s*
(Fets " (32.2} )

A=1308N— <«
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PROBLEM 16.83

A turbine disk of mass 26 kg rotates at a constant rate of 9600 rpm.
Knowing that the mass center of the disk coincides with the center of
rotation O, determine the reaction at O immediately after a single blade
at A, of mass 45 g, becomes loose and is thrown off.

SOLUTION
. s 7 TN
®=9600 rpm(aj ( g N\, :}' .
@=73207x rad/s \ 0 } 53 /
N 7 ~_ ~

Consider before it is thrown off.

+ SF=%F,: R=ma, =mFa’
= (45%10*kg)(0.3 m)(320 7)*
R=13.64kN

Before blade was thrown off, the disk was balanced (R =0). Removing vane at A also removes its reaction,
so disk is unbalanced and reaction is
R=13.64kN— 4
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PROBLEM 16.84

A uniform rod of length L and mass m is supported as shown.
If the cable attached at end B suddenly breaks, determine
A B (a) the acceleration of end B, (b) the reaction at the pin support.

[@

SOLUTION

Té = R A /vsl-‘l‘
D]

= < |- )
er a7 8 “1‘9 _ 4
M A
2 Z —-”[
+)2MA=2(MA)eff: wkoTatmak
2 2
mgézimL2a+m £0{ L
2 12 2 )2
mg—=—mL20( azéi)
2L
(b) Reaction at A.
_ L
T XF,=%(F,)y: A—-mg=-ma =—m50{
A—mg:_m £ iﬁ
2N2L
3
A-mg=——m
4 1 8
1
A=—mg A=—mgT <4
(a)  Acceleration of B.
aB—an+aB,A=O+Lai
3¢ 3 3
282 a,=>g| 4
B (ZLJ Zgi B 2gi

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.

1535



https://students-hub.com
https://students-hub.com

PROBLEM 16.85

A uniform rod of length L and mass m is supported as shown. If
the cable attached at end B suddenly breaks, determine (a) the
acceleration of end B, () the reaction at the pin support.

AQ@ o
I L
SOLUTION
w=0 c_z=£a
4
¢ Yo
- 4 -
L, P
AC — | La— —
ra b w=mg n ¢ ‘|2 - B
L—L _+: . ’I Y nga
z zZ

)IM o =3(M ) W% =Ta+ mag

mg£=imL2a+m £0! L
12 4

4 4
L 7 12g
mg—=—mlL o oa=—
847 a8 L
(b) Reaction at C.
ASF =S(F),: C—mg=—ma=-mE
v = 2(F gt —mg——ma——mza
C—mg:_m £ E
4 )\ 7L
3
C-mg=——m
8 7 8
4 4
C=—m C=—mg| 4
7™ —mg|
(a)  Acceleration of B.
3L
aBzaC+aC,B=0+TO(
3L(12g 9 9
ay="| =8 |=2 a,=—g)| 4
5 4(7L] 78 5 =780
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PROBLEM 16.86

A 12-1b uniform plate rotates about A in a vertical plane under the
combined effect of gravity and of the vertical force P. Knowing that
at the instant shown the plate has an angular velocity of 20 rad/s and
an angular acceleration of 30 rad/s” both counterclockwise, determine

\
J_‘ A | (a) the force P, (b) the components of the reaction at A.
! 20 in !
SOLUTION
Kinematics. a =ra= (%ftj (30 rad/s?) =15 ft/s*
a, =ro = [%ft)(ZO rad/s)? =200 ft/s”
Mass and moment of inertia. m= K = Lbz =0.37267 Ib - s>/ft
g 32.2fts
m|(10Y (20Y
I=—||—=1] +|=| |=(0.37267 1b-s*/ft)(0.28935 ft*) = 0.10783 Ib - s* - ft
1212 12
Kinetics.
6l.n. ,01."‘- A P
i “ma E
[I] I, e A —_ m T fO(
i |© = |Ap"=6
% r
r— 20 in.— = pin
(a) ForceP. FVIM = 2(M )y P(gﬁ) -W (%ft] =ma, (%ft) +la

%P =(12) (%) +(0.37267)(15) (%) +(0.10783)(30)

P=9.02241b. P=9.021b |«
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PROBLEM 16.86 (Continued)

(b) Reaction at A.

12
FL3F =%(F,)y: A, =-ma,=———(200
y ( x)eff X n 322( )
A, =-74.531b A, =7451b-~— <

HSF, =%(F)y: A, +P-W =ma,
A =W 4md, —P=12+ 22 (15-9.02=8.57Ib
y 32.2

A, =8571b] <
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PROBLEM 16.87

A 1.5-kg slender rod is welded to a 5-kg uniform disk as shown. The
assembly swings freely about C in a vertical plane. Knowing that in
the position shown the assembly has an angular velocity of 10 rad/s
clockwise, determine (@) the angular acceleration of the assembly,
(b) the components of the reaction at C.

SOLUTION
Kinematics:
a, =(CG)w” =(0.14 m)(10 rad/s*)
a, =14m/s*~—
a, =(CG)a=(0.14m)er|
Kinetics: Ly = Emdisk (CG)*
= %(5 kg)(0.08 m)*
=16x10"kg - m?
1

Ly= EmAB (AB)?

1 2
=—(1.5kg)(0.12
1y (-2 ke)(0.12:m)

=1.8x10kg - m?

(a)  Angular acceleration.

+) IMe =2(M )

W, (0.14m) =T, o+ ma (0.14m)+1 o
(1.5kg)(9.81 m/s*)(0.14 m) = Iy, o + (1.5 kg)(0.14 m)’ ar + I , ot
2060 N-m=(16x10" +29.4x107 +1.8x10 )«
2.060 N-m = (47.2x107 kg - m*)a
o = 43.64 rad/s’ a=43.6rads> ) <
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PROBLEM 16.87 (Continued)

(b)  Components of reaction of C.

4. SF =3(F,)y: C,=-mya,=—(15kg)14m/s?)

X

C.=-210N C. =210N -— <«

X X

1 SF, =5(F): @, =(0.14m)(@)

t

Cy — Mg & —Myp8 = —Mypd,
C, —(5kg)9.81-(1.5kg) 9.81=—(1.5 kg)(0.14 m)(43.64 rad/s?)
C,-49.05N-14.715N=-9.164 N

C,=+546N C,=546N | <
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PROBLEM 16.88

\UAM Two uniform rods, ABC of weight 6-1b and DCE of weight 8-1b, are
9in. connected by a pin at C and by two cords BD and BE. The T-shaped
assembly rotates in a vertical plane under the combined effect of
> gravity and of a couple M which is applied to rod ABC. Knowing that
gl at the instant shown the tension in cord BE is 2 Ib and the tension in
L cord BD is 0.5 1b, determine (a) the angular acceleration of the assembly,

@& o o) (b) the couple M.

D C E
L— IQin.*»L— 12in,*>‘
SOLUTION

We first consider the entire system and express that the external forces are equivalent to the effective forces of
both rods.

(@4c), =0.75cx Ay
(@pp), =1.50 A
- 1(6lb ) M
[ o=—| — |(1.51t
e 12[32.2)( )
=34.938x10slug - ft*
- 1(8Ib s
I, =—| — |(2ft
PE 12[32.2)( ) D =t
=82.816x10slug - ft? J g b

- 6 _ - 8 _
VEIM, =S(M )op: M =1 0o+ 533 @) OT) + I+ (), (1.5)

M =34.938 X107 &+ —0— (0.7500)(0.75) + 82.816 X 10~ & + —— (1. 5)(1.5)
32.2 322

M =0.7815Tc (1)

We now consider rod DE alone:

8
A
// \\ .3(_.
e N 2 (o
R i
I. 1 1 4 1
D c Cr. E

g G,
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PROBLEM 16.88 (Continued)

3 3 -
+‘>ZMC =2(M ¢ )es : (ETBE)(I ft) - (gTBD](l ft)y=1 0

0.6(Ty, — Tp) =82.816%10"

Ty — Ty, =0.13803 2)
Given data: Ty, =0.51b
Ty =21b
(a)  Angular acceleration.
Substitute into (2): 2-0.5=0.13803¢x @=10.87 rad/s’ *) <
(b)  Couple M.
Carry value of ¢ into (1): M =0.78157(10.868) =8.4938 ft - b M =849ft-1b ‘D <
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PROBLEM 16.89

The object ABC consists of two slender rods welded together at Point B. Rod AB has a

weight of 2 Ib and bar BC has a weight of 4 1b. Knowing the magnitude of the angular

0 velocity of ABC is 10 rad/s when =0, determine the components of the reaction at
Point C when 6 =0.

SOLUTION

Masses and lengths: W,, =21b, L,,=1ft, Wy.=41lb, L, =21t

L - 1 2 1 3
Moments of inertia: l,,=— L 1)? =5.1760x107° slug - ft*
AB =75 Myplap = 12(32 )() g:
I L2 =L )(2) =41.408x107 slug - ft*
BC = 12 "'8C BC = 121322 g
Geometry: Tep =N2° +0.5% =2.0616 ft
1
rCEZELAleft C! e
x
0.5
tan p=—
p 2
B =14.036° e
Kinematics: Let a= 0{‘> be the angular acceleration of object ABC. ;&%
@), =rep X B '::n 9 e
(]

— 2
(ayp), =Tcp@ I/ B
(Apgc), =rep —

— 2
(Apc), =Tcp® T

. Ly
Kinetics:  +)EMq =+)E(Mo s Wp T =T, g0+ 1 (), T,.d

+ e+ repmpc(age),

_(7 2 LT 2
= (IAB +myplcp +1pe +Mpclcp )0’

(2)(0.5) = [(5 1760x10‘3)+[32 )(20616) +(41408x10‘3)+( )(1)} o =2.3rad/s> )
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PROBLEM 16.89 (Continued)

FLEF = FLN(F)yr Co=myp(ayg), cos f+myp(ayg), sin f+mpe(age),
=m,plep(0icos B+ @* sin B)+myerpa
- (ij (2.0616)(2.3¢0s14.035° + 107 sin 14.035°) + (ij 1(2.3)
32.2 32.2
=3.67701b

+T XF, = +T Z(F) )ege: C, —mypg —mpcg =—myp(@,p), sin B+ myp(ayy), cos B+mpe(ape),

) .
Cy =Wg +Wye) +myprep (@ cos f—asin )+ myerep @

C,=6+ (%] (2.0616)(10° cos14.035° — 2.3sin14.035°)
+(ij (1)(10)?
322
C
C, =30.7731b
Reaction at C. C =+3.6770> +30.773
=30.992 Ib
tan g = 30.773
3.6770
¢ =83.186° C=31.01b 7 83.2° 4
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l<— 400 mm *)“; 400 mm — PROBLEM 16.90
A 3.5-kg slender rod AB and a 2-kg slender rod BC are connected
by a pin at B and by the cord AC. The assembly can rotate in a
vertical plane under the combined effect of gravity and a couple M

300 mm applied to rod BC. Knowing that in the position shown the angular
velocity of the assembly is zero and the tension in cord AC is equal
& to 25 N, determine (a) the angular acceleration of the assembly,
A (b) the magnitude of the couple M.
SOLUTION

(a)  Angular acceleration.

Rod AB: L= émABLiB

1 2
=—3.5kg(0.8 m
1 a( )

=0.18667 kg - m*

25N 'féﬁ

T =
Acn (,[ - $ = A 6 2
e
L_ wamg‘i% dd g
04 R e

)IM = Z(M ) %(25 N)(0.8 m) — (3.5 kg)(9.81 m/s?)(0.4 m) =1, yor

1,,0=—17340N-m (1)
(0.18667 kg - m?)er =—1.7340 N-m

@ =-9.2893 rad/s’ @=9.29 rad/s’ ") 4

Entire assembly: Since AC is taut, assembly rotates about C as a rigid body.

Kinematics:

CB=+/(0.3)>+(0.4)> =0.5m

CGye = %CB =0.25m

A, =(025m)a /

a,,=03ma—
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PROBLEM 16.90 (Continued)

— 1
Kinetics: Ipe = E’”Bc (CB)Z

1 2
=—(2kg)0.5
1 2 ke)0.5m)

=0.041667 kg - m*

(b)  Couple M.
)EM =M )
M —mgpg(0.2 M) = mpeape(0.25 M) + Iy +mypa,,(0.3m)+ 1,00

M —(2kg)(9.81m/s*)(0.2 m) = 2 kg(0.25 m)* & + (0.041667 kg - m*)ar+ 3.5 kg(0.3m)’ a + I , yx

Substitute o =9.29 rad/s’ Ligor=—-17340N-m

M —3.9240 = (0.125)(9.2893) + (0.041667)(9.2893)
+(0.315)(9.2893) + (0.18667)(9.2893)
M -3.9240=1.1612+0.3871+2.9261+1.7340
M —3.9240=6.2084
M =+10.132 N-m

M=10.13N-m ) <

M —mg-g(02m)=1.x

Since C is fixed, we could also use: M —(3.5kg)(9.81 m/s*)(0.2 m) = Gmwﬁz +1,,+3.5kg(0.3 m)zja
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PROBLEM 16.91

A 9-kg uniform disk is attached to the 5-kg slender rod AB by means of
frictionless pins at B and C. The assembly rotates in a vertical plane under
the combined effect of gravity and of a couple M which is applied to rod
AB. Knowing that at the instant shown the assembly has an angular velocity
of 6 rad/s and an angular acceleration of 25 rad/sz, both counterclockwise,
determine (a) the couple M, (b) the force exerted by pin C on member AB.

SOLUTION

We first consider the entire system and express that the external forces are equivalent to the effective forces of
the disk and the rod.

mp =5Kkg, mp =9kg
W, =mpg = (5kg)(9.81 m/s*) =49.05 N

W, =mpg = (9 kg)(9.81 m/s*) =88.29 N
1

I = EmRLi,B = %(5 kg)(0.5 m)> =0.104167 kg - m*

ID Z%MDI'; :%(9 kg)(02 m)2 :0_18kg~m2

@, =(0.25 m)xr
a, =(0.5m)a

————,
0.25m

(@) ZIM,=X(M,)y: M —Wg(0.125)—W,(0.25) = Iyt + mg(ay),(0.25) + I ,0: + my, (a,,), (0.5)
M —(49.05)(0.125) - (88.29)(0.25) = 0.104167a + (5)(0.25¢)(0.25) + 0.18cx + (9)(0.5¢x)(0.5)

M —-6.1312-22.073=(0.10417+0.3125+0.18 + 2.25)«x
M —28.204 =(2.8467)(25)

M =99.370 N-m M =99.4N-m ) <
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PROBLEM 16.91 (Continued)

(b)  Consider now the disk alone:

Mo(@,),
31 5.. _ MyZ,),

0.15m [
Wy
D)IMy =Z(Mp)yr: C(0.15)=T,0:=(0.18)(25)
C=300N £ 30° 4
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PROBLEM 16.92

Derive the equationXM . = I« for the rolling disk of Figure 16.17, where XM . represents the sum of the
moments of the external forces about the instantaneous center C, and I, is the moment of inertia of the disk

about C.

SOLUTION
i
-
)IM =X(M)y: M =(ma)yr+1o=(mra)F +la
=(mra)r + o
But, we know that Io=mr* +1
Thus: SM.=I.a (QED.) <4
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PROBLEM 16.93

Show that in the case of an unbalanced disk, the equation derived in Problem 16.92 is valid only when the
mass center G, the geometric center O, and the instantaneous center C happen to lie in a straight line.

SOLUTION

Kinematics:
a=ac +ag,

=ac + 0 Xrge + O X(®Xrge)

or, since ® L rg,

= _ 2
a=a,+0XI;e —0Tge (1)
Kinetics:
A
m'lg?
—_— :
—
SMpo=X(My)y: IMg = la+rgexma
Recall Eq. (1): IM =1 0 +Tge Xm(ae + aXTge — 0 150)
=7 2
XM, =10 +rgc Xmags +mrge X(UXTge ) — Mo T XX
But: Yo XTge =0 and a L 1y,
_ 2
Yoo Xm(O XY ) = migc o
Thus: M. = (7+mr62,c)a+r6,c Xma,
Since Io =1 +mig,

XM = 0 +r1gc xXmag ()
Eq. (2) reduces to ZM . = I .« when r; Xma,. =0; thatis, when r;, and a, are collinear.

Referring to the first diagram, we note that this will occur only when Points G, O, and C lie in a straight line.

(QED.) «
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PROBLEM 16.94

A wheel of radius r and centroidal radius of gyration k is released from rest on
the incline and rolls without sliding. Derive an expression for the acceleration
of the center of the wheel in terms of r, k, 5, and g.

SOLUTION
To=mk*a
ma =mro

+)2MC =L(M()ey: Wsinf)r= (ma)yr+1a
(mgsin B)r = (mra)r + mk 2o

rgsin f=(* +k*)a

rgsin
ey
ro+k
_ rgsin _ r .
a=r0[=rﬁ azﬁgmnﬂ{
re+k ro+k
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PROBLEM 16.95

A homogeneous sphere S, a uniform cylinder C, and a thin
pipe P are in contact when they are released from rest on the
incline shown. Knowing that all three objects roll without
slipping, determine, after 4 s of motion, the clear distance
between (a) the pipe and the cylinder, (b) the cylinder and the

sphere.
SOLUTION
General case: I=mk’ a=ra
)IM=X(M)ye: (wsinB)r=Ta+mar W==s g
mg sin Br=mk >+ mra r =
r@sin
a=— —g N
ro+k - £
: 2
_ rgsinff  _ r .
a=ro=r = a= — g sin (1)
r’+k’ e g
- r’ 1
For pipe: k=r ap=———gsinff=—gsinf
re+r 2
. ) 1 1’2 . .
For cylinder: k= 5 ac = -gsinf=—gsinf
P
) 2 r2 . 5 .
For sphere: k== ag =———>—gsinf=—gsinff
5 2,2 5 7
ro+=r
(a) Between pipe and cylinder.
2 1 . |
aep =0p —ap =| ——— |gsin f=—gsin
cip = 4c —4dp (3 ng B 6 gsinf

1 ({1 .
Xcip ZE"C/PI2 =E(€gsmﬁ)t2

SI units: Xep =%(é9.81 m/szjsin100(4 s)?=2.27m <«
~ 11 2 ) i 100004 )2
US units: Yap =7 632.2 ft/s” [sin10°(4s)” =7.46 ft 4
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PROBLEM 16.95 (Continued)

(b)  Between sphere and cylinder.

5 2 . 1 )
dgc =dg —ac =(7—§jgsmﬂzzgsmﬂ

1 1{ 1 .
Xsic ZEC’S/CI2 25(58 smﬁ]tz

SI units: X =%(%9.81 nl/sz)sin10°(4 5)> =0.649m «
. 1(1 X)) . >
US units: Xsic = 532.2 ft/s* |sin10°(4s)” =2.13 ft 4
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PROBLEM 16.96

A 40-kg flywheel of radius R = 0.5 m is rigidly attached to a shaft of radius
r = 0.05 m that can roll along parallel rails. A cord is attached as shown
and pulled with a force P of magnitude 150 N. Knowing the centroidal
radius of gyration is k =0.4 m, determine (a) the angular acceleration of
the flywheel, (b) the velocity of the center of gravity after 5 s.

SOLUTION
Mass and moment of inertia:  m=40kg
I =mk? = (40 kg)(0.4 m)* = 6.4 kg - m*

Kinematics: (no slipping) a=raAL 15°

Kinetics:

Let Point C be the contact point between the flywheel and the rails.

+)ZMC =X(M)e: PR+71)—mgrsinl5®= To+ (ma)r
P(R+r)—mgrsin15°= (I +mrH)a

(a)  Angular acceleration of the flywheel.
P(R+r)—mgrsinl5°
o= = 5
I +mr
_ (150 N)(0.55 m) — (40 kg)(9.81 m/s*)(0.05 m)sin15°
(6.4 kg-m?) + (40 kg)(0.05 m)?

=11.911 rad/s® a=11.91rad/s’ ) 4
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PROBLEM 16.96 (Continued)

(b)  Velocity of center of gravity after 5 s.

@ =ra=(0.05m)(11.911 rad/s*) = 0.59555 m/s>
a=0.59555 m/s> « 15°

v=yv,+at=0+(0.59555 m/s*)(5's)

v=298m/s A 15° 4
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PROBLEM 16.97

A 40-kg flywheel of radius R = 0.5 m is rigidly attached to a shaft of
radius r = 0.05 m that can roll along parallel rails. A cord is attached as
shown and pulled with a force P. Knowing the centroidal radius of
gyration is k =0.4m and the coefficient of static friction is u, =0.4,
determine the largest magnitude of force P for which no slipping will occur.

SOLUTION
Mass and moment of inertia:  m=40kg
I =mk? = (40 kg)(0.4 m)* = 6.4 kg - m*

Kinematics: (no slipping) a=raAL 15°

Kinetics:

1

+2F, =%(F,): N-—mgcosl5°=0
N = (40kg)(9.81 m/s*)cos15°=379.03 N

For impending slipping, F=uN=(0.4)379.03)
=151.61 N

+A715° XF =3X(F): P—F —mgsinl5°=ma

P—151.61 N = (40 kg)(9.81 m/s?)sin15° = (40 kg)(0.05 m)er
P-253.17N=(2 kg -m)a (1
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PROBLEM 16.97 (Continued)

Let C be the contact point between the flywheel and the rails.
+) My =2(M¢)ey: P(R+71)—mgrsinl5°®= la+ (ma)r
P(R+r)—mgrsinl5°= (I + mr*)a
(0.55 m)P — (40 kg)(9.81 m/s*)(0.05 m)sin 15°

=[6.4 kg -m* + (40 kg)(0.05 m)* o )
Solving Egs. (1) and (2) simultaneously,

P=303N o = 24.8 rad/s®

P=303N <«
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PROBLEM 16.98

A drum of 60-mm radius is attached to a disk of 120-mm radius.
The disk and drum have a total mass of 6 kg and a combined radius
of gyration of 90 mm. A cord is attached as shown and pulled with
a force P of magnitude 20 N. Knowing that the disk rolls without
sliding, determine (a) the angular acceleration of the disk and the
acceleration of G, (b) the minimum value of the coefficient of static
friction compatible with this motion.

SOLUTION

=ra=(0.12 m)ax
= mk*

= (6 kg)(0.09 m)*

1 =48.6x107 kg-m*

a
I

T)IM o =S(Me )y : (20 N)(0.12 m) = (ma)r + e

2.4N-m=(6kg)(0.12m)* o +48.6x10™° kg - m*
24=135.0x10"a

(a) o =17.778 rad/s’ a=17.78 rad/s’ ) 4
a=ra=(0.12m)(17.778 rad/s*)
=2.133 m/s? a=2.13m/s’— «
() I 5F, =2(F)q: N-mg=0

N=(6kg)©.81m/is®) N=5886NT
FUSF =3(F,)y: 20N-F=ma
20N-F =(6kg)(2.133m/s*) F=720N~—

F _ 720N
N 5886N

(:ux )min = (Ius)min =0.122 4
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PROBLEM 16.99

A drum of 60-mm radius is attached to a disk of 120-mm radius. The
disk and drum have a total mass of 6 kg and a combined radius of
gyration of 90 mm. A cord is attached as shown and pulled with a force P
of magnitude 20 N. Knowing that the disk rolls without sliding,
determine (@) the angular acceleration of the disk and the acceleration of

G, (b) the minimum value of the coefficient of static friction compatible
with this motion.

SOLUTION
a=ra=(0.12m)a
1 =mk?
= (6 kg)(0.09 m)* i
I =48.6x107 kg-m?
)IM=X(M) e (20N)(0.18 m) = (ma)r + la
3.6N-m=(6kg)(0.12m)*r +48.6 kg - m*
3.6=135x10"«
(@) o =26.667 rad/s’ @ =267 rad/s’ ) 4
a =ro=(0.12 m)(26.667 rad/s*)
=32m/s’ a=320m/s> — <
() +] 2F, =2(F,)q: N-mg=0

N=(6kg)©08Imis*)] N=5886NT

H_SF =3(F,)y: 20N—F=ma

20 N - F = (6 kg)(3.2 m/s?) F=08N-—
F 08N
(A i N 58.86N (s i
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PROBLEM 16.100

A drum of 60-mm radius is attached to a disk of 120-mm radius.
The disk and drum have a total mass of 6 kg and a combined radius
of gyration of 90 mm. A cord is attached as shown and pulled with
a force P of magnitude 20 N. Knowing that the disk rolls without
sliding, determine (a) the angular acceleration of the disk and the
acceleration of G, (b) the minimum value of the coefficient of static
friction compatible with this motion.

SOLUTION

(@)

b)  HEE, =X(F))y:

FLSF =3(F )

a=ra=(0.12m)a
1 =mk?

= (6 kg)(0.09 m)*
I =48.6kg - m?

)IM o =X(M)yp: (20 N)(0.06 m) = (ma)r +Iox

12N-m=(6kg)(0.12m)* o +48.6x107 kg - m*

1.2=135x10"ar
o =8.889 rad/s> @=8.89 rad/s’ ) 4

a =ror=(0.12 m)(8.889 rad/s”)
=1.0667 m/s* a=1.067 m/s>— <«

N-mg=0

N=(6kg)©981m/is®)  N=5886N

(:us )min =

N 5886N

20N-F=ma

(20 N) - F = (6 kg)(1.0667 m/s*) F=13.6 N «—

F_ 136N

(U,)y =0.231 4
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AP PROBLEM 16.101

A drum of 60-mm radius is attached to a disk of 120-mm radius. The disk
and drum have a total mass of 6 kg and a combined radius of gyration of
90 mm. A cord is attached as shown and pulled with a force P of
magnitude 20 N. Knowing that the disk rolls without sliding, determine
(a) the angular acceleration of the disk and the acceleration of G, (b) the
minimum value of the coefficient of static friction compatible with this

motion.
SOLUTION
a=ro=(0.12m)x
1 =mk?
= (6 kg)(0.09 m)*
I =48.6kg - m?

)IM =X(M) e (20 N)(0.06 m) = (ma)r + o

12 N-m=(6kg)(0.12m)* o+ (48.6x10° kg - m?)x
12=135x10"

(@) o =8.889 rad/s’ @ =8.89 rad/s> ) 4
a =ror=(0.12 m)(8.889 rad/s”)
=1.0667 m/s* a=1.067 m/s>~— 4
(b) + 5F, =2(F,)y: N+20N-mg=0

N +20N-(6kg)(9.81m/s>) N=3886N|

tSF =3(F)y: F=ma

F = (6 kg)(1.0667 m/s?) F=64N-—
F 6.4 N
(ﬂS)mln N 38.86N (#‘Y)mln

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1561



https://students-hub.com
https://students-hub.com

PROBLEM 16.102

A drum of 4-in. radius is attached to a disk of 8-in. radius. The disk
and drum have a combined weight of 10 1b and a combined radius of
gyration of 6 in. A cord is attached as shown and pulled with a force P
of magnitude 5 lb. Knowing that the coefficients of static and
kinetic friction are g, =0.25 and g, =0.20, respectively, determine
(a) whether or not the disk slides, (b) the angular acceleration of the
disk and the acceleration of G.

SOLUTION

Sl

Assume disk rolls:

=ro= ift o
(0]

2
i 206
322112

1 =0.077641b-ft - s>

~l

+) IMo=Z(M¢)e: (51b) (%ftJ =mayr+la

2
3.333lb~ft=@ ift a+0.07764c
32.2\12

3.333=0.21566x
o =15.456 rad/s® 0. =15.46 rad/s> )

a= raz(%ft](15.456 rad/s?) a=10.30 ft/s> —

4 3F, =3(F,)y: —F+5lb=ma

—F+5Ib= @(10.30 ft/s?)
322
F=1801b

+15F, =3(F,);: N-10b=0 N=101b

F,=u,N=025101b)=251Ib

(a) Since F<F,, Disk rolls without sliding <
(b)  Angular acceleration of the disk. o =15.46 rad/s* ) |
Acceleration of G. a=10.30 ft/s>— <4
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PROBLEM 16.103

= A drum of 4-in. radius is attached to a disk of 8-in. radius. The disk and
drum have a combined weight of 10 1b and a combined radius of gyration
of 6 in. A cord is attached as shown and pulled with a force P of
magnitude 5 lb. Knowing that the coefficients of static and kinetic
friction are x, =0.25 and g, =0.20, respectively, determine (a) whether
or not the disk slides, (b) the angular acceleration of the disk and the
acceleration of G.

SOLUTION
. _ 8
Assume disk rolls: a=ro= (E ftja
1 =mk?
10b(6 Y
=——| —ft
32.2\12

I =0.077641b-ft-s>

+) IMo=2(M ) (SIb)ATE) =(ma)r+ la

2
sib-fr =210 8 61 540077640
322112
5=0.215660
o =23.184 rad/s’ o =232rad/s? )
Ezraz(%ftj(23.184 rad/s?) a=15.46ft/s*—
+.3F, =%(F,)y: —F+5lb=ma
—F+51b=@(15.46ft/s2); F=0201b
32.2
+1%F, =%(F,)y:  N-101b=0 N=101b

F,=uN=025101b)=251Ib

(@) Since F<F,, Disk rolls without sliding <«
(b)  Angular acceleration of the disk. o, = 23.2 rad/s’ ) <
Acceleration of G. a=15.46ft/s> — <
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PROBLEM 16.104

A drum of 4-in. radius is attached to a disk of 8-in. radius. The disk and
drum have a combined weight of 10 Ib and a combined radius of
gyration of 6 in. A cord is attached as shown and pulled with a force P
of magnitude 5 Ib. Knowing that the coefficients of static and kinetic
friction are ¢, =0.25and g, =0.20, respectively, determine (a) whether
or not the disk slides, (b) the angular acceleration of the disk and the
acceleration of G.

SOLUTION
. _ 8
Assume disk rolls: a=ro= Eft o 4 T
— o, 10b(6 Y 4 3 (@2
[ =mk?*="—""| —ft :
322 (12 j . i c
=
_ 2t -
1 =0.07764 1b - ft - s*
4 =
)IM =E(Mo)y: (S1b) (E ft) =(ma)yr+Ta
2
166671t =222 8 ¢ | 0+ 0.077640
322012
1.6667 = 0.215660
o =7.728 rad/s® o =7.73 rad/s? )
— 8 2 = 2
a =ra=(Eftj7.728 rad/s a=>5.153ft/s"—
FL3F, =3(F,) —F+5lb=ma
—F+51b =@(5.153 ft/s?)
32.2
F=3.401b
+T2Fy=2(Fy)eff: N-101b=0 N=101b
F, =uN =025101b)=2.51b
(a) Since F<F,, Disk slides 4

Knowing that disk slides
F=uN=020(101b)=21b
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PROBLEM 16.104 (Continued)

(b)  Angular acceleration.

8 4 -
)IMg =32(Mg)y: F (Eft) -5 lb)(ﬁft) =la

(2 lb)(%ftj —1.6667 Ib-ft = (0.07764 1b - ft - s*)ox

—-0.3333=0.07764c

o =—4.29 rad/s 0 =429 rad/s’ ") 4
(¢)  Acceleration of G.

+_SF =%(F,)y: —F+5lb=ma

Db+51=19107
32.2
a =9.66 ft/s> a=9.66ft/s> — 4
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A\

PROBLEM 16.105

A drum of 4-in. radius is attached to a disk of 8-in. radius. The disk and drum have
a combined weight of 10 Ib and a combined radius of gyration of 6 in. A cord is
attached as shown and pulled with a force P of magnitude 5 1b. Knowing that the
coefficients of static and kinetic friction are g, =0.25 and g, =0.20, respectively,
determine (a) whether or not the disk slides, (b) the angular acceleration of the disk
and the acceleration of G.

SOLUTION

Assume disk rolls:

VEM o = (M)

FIF =3(F)

+15F, = (F, )y

(@) Since F>F,,

=ra= ift o
(5]

-
32212
I =0.077641b-ft-s>

4 R
&) lb)[ﬁ ft] =(ma)yr+lo

2
1.6667 1b~ft=% Eft a+0.07764c
322\12

1.6667 = 0.21566¢

a=17.728 rad/s’ o=7.73rad/s? ")
a=ro= (%ft](7.728 rad/s?) a=5.153ft/s*> ~—
F =ma
F =@(5.153 ft/s?); F=1.601b
32.2
N-101b+51b=0 N=51Ib

F,=uN=02551b)=1251b
Disk slides

Knowing that disk slides

F=u,N=0205)
F=1.001b
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PROBLEM 16.105 (Continued)

(b)  Angular acceleration.

4 8 -
EIMg =S(Mg): (5 lb)(Eft) - F(Eft) =la

(51b) ift —(1.001b) ift =0.07764cx
12 12

1.000 =0.07764c

o =12.88 rad/s’ 0=12.88 rad/s’ ) «

(¢)  Acceleration of G.

FSF =X(F): F=ma

1001 =910
32.2
a=3.22 f/s? a=3221t/s>~— «q
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PROBLEM 16.106

A A 12-in.-radius cylinder of weight 16 Ib rests on a 6-1b carriage. The
system is at rest when a force P of magnitude 4 Ib is applied. Knowing
that the cylinder rolls without sliding on the carriage and neglecting the
¥ & mass of the wheels of the carriage, determine (@) the acceleration of the
carriage, (b) the acceleration of Point A, (c) the distance the cylinder

has rolled with respect to the carriage after 0.5 s.

=
\

SOLUTION

Masses and moments of inertia.

my=—00 049689 b5t my =— OO

322 ft/s? 322 ft/s2

I,= %mArz = %(0.49689 Ib-s%/ft)(1 ft)* = 0.24895 1b - s> - ft

=0.18634 1b - s> /ft

Kinematics: Let a, =a,—, ag =az—~

a, =agtag,

a
a5 =(a,—ag)— a:AT/B) (1

Kinetics: Carriage and cylinder

A T9%e Ao myQ
L= U} A
B Wa
P - B
' » [E——— oy ]
% ! ¥ meae ©
N| -w—e N‘L
FLSF =X(F,)y: P=mya, +mgag
4 1b=(0.49689 Ib-s*/ft) a, +(0.18634 Ib-s/ft) a, 2)
Cylinder alone. Point C is contact point.
I
,/ﬂ Ad.
- ™Ma Qp
“om
=K C
F ’[ c
N,
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PROBLEM 16.106 (Continued)

(¥SMo =X(M )y O=T,c+ma,r
Substituting from Eqs. (1) and (2),

—a,—a
A dp
0=1, +mya,r

r

Il
~

1, 1,
O=(—A+mArJaA -2a,
r r

2
Data: Ta _ 0'2489f ;1’ St 024895 Ib -2
r

m,r = (0.49689 1b-s*/ft)(1 ft) = 0.49689 Ib - s

0=0.74584 a, —0.24895 a, 3)
Solving Egs. (2) and (3) simultaneously,

a, =3.7909 ft/s*> a, =11.3574 ft/s*

(a)  Acceleration of the carriage. a, =11.36 ft/s* — <

(b)  Acceleration of Point A. a, =3.79 ft/s’— <
(c)  Relative displacement after 0.5 s.

a,p =11.3574 ft/s* —3.7909 ft/s> = 7.5665 ft/s*

_ 2
Xap = 3 (aypt

=%(7.5665 ft/s)*(0.5 s) X =0.946 ft — <
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PROBLEM 16.107

=
\ £°)

A 12-in.-radius cylinder of weight 16 Ib rests on a 6-1b carriage. The system is
at rest when a force P of magnitude 4 1b is applied. Knowing that the cylinder

— B rolls without sliding on the carriage and neglecting the mass of the wheels of
o o the carriage, determine (a) the acceleration of the carriage, (b) the acceleration
of Point A, (c) the distance the cylinder has rolled with respect to the carriage
after 0.5 s.
SOLUTION
Masses and moments of inertia.
my = Lbz =0.49689 Ib-s*/ft  m, = % =0.18634 Ib- s> /fit
32.2 ft/s 32.2 ft/s

I,= %mArz = %(0.49689 Ib-s?/ft)(1 ft)* = 0.24895 Ib -s* - fit

Kinematics: Let a, =a,—, ag =az—
a, =agt+ag,

a
a, =(ap—ag) — a:AT/B) (1

Kinetics: Carriage and cylinder

Af___ _ I 1] A mﬁ Q A
W, g = Q
_ A B - T2 B

N, N.

FLSF =X(F,)y: P=mya, +mgag

4 1b = (0.49689 1b - s /ft) a, +(0.18634 1b- sz/ft)aB 2)

Cylinder alone. Point C is contact point.

Tack
v fe c
Nj
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PROBLEM 16.107 (Continued)

(+ZMC =X(Mpg)s: Pr=I1,a+mya,r
Substituting from Eqgs. (1) and (2),

— ay—a
pPr=1,—4—2

P +mAaAr

1, 1,
Prz[—A+mAr]aA -2a,
r r

= =0.24895 Ib - s>
1 ft

I _ <2,
Data: I, 0.248951b s> -fi
.

m,r = (0.49689 1b-s*/ft)(1 ft) = 0.49689 Ib - s*

2}

(4 Ib)(1£t) =0.74584 a, —0.24895 a, 3)
Solving Egs. (2) and (3) simultaneously,
a, =6.6284 ft/s*  a, =3.7909 ft/s

(a)  Acceleration of the carriage. ap =3.79 ft/s* — <

(b)  Acceleration of Point A. a, =6.63 ft/s*— «
(c)  Relative displacement after 0.5 s.

a,,p =6.6284 ft/s*> —3.7909 ft/s> = 2.8375 ft/s’

_ 2
Xap = 3 (aypt

=%(2.8375 ft/s*)(0.5 s)* x5 =0.355 ft— «
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200 mm

100 mm

A B
o >

PROBLEM 16.108

Gear C has a mass of 5 kg and a centroidal radius of gyration of 75 mm.
The uniform bar AB has a mass of 3 kg and gear D is stationary. If the
system is released from rest in the position shown, determine (a) the
angular acceleration of gear C, (b) the acceleration of Point B.

SOLUTION

Kinematics:

t«w o. Wz)at«r O m >

NG .

A= B

///M
A AB
=01 oL
Al r Al\

L = (3, 2( .
’_‘P ol ’k\i’

Since gear D is fixed, we have for Point E of gear C:

+ (ag), = (ag), + @gsp),

0=02a,;-0.10c

Gear C

7”;&-’0‘\&1-;1

1
Ops = Oc (1)

D)EM = 5(M ) gy -
| Q (0.1m) = I -a,
! = (5 kg)(0.075 m)* et

0 =0.28125 o, 2)
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PROBLEM 16.108 (Continued)

Bar AB and gear C

(@)

(b)

>
X

Y

Wae

A4 _—
Lro.\m e 0.1 —fe— 0.

X

.

+)ZMA = (M ) :
W,5(0.1) + W (0.2) — Q(0.3) = (myz @) 0.1 + 1,50t 5+ (meag)0.2 — 1.0/
(3)g(0.1) + (5)g(0.2) — 0(0.3) = 3(0.1c,,)0.1 + é@)(o.z)2 g

+5(0.2 2,)0.2 — 5(0.075)%
(13)g —0.3Q = 0.24,, — 0.028125¢;.

Substituting for ¢4 and Q from (2) and (1):

13g —0.3(0.28125¢,) = 0.24[% acj ~0.028125 o
1.3g =0.17625 0 =7.3759(9.81)
o =172.36

ap=020,,= 0.2(% ac) = 0.1 = 0.1(72.36)

Olc =724 rad/s’ ) <

a,=7.24 m/s*| <

1573
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PROBLEM 16.109
l (g g Two uniform disks A and B, each of mass of 2 kg, are
of) T A B~ connected by a 1.5 kg rod CD as shown. A counterclockwise
@mm &150 gt couple M of moment 2.5 N-m is applied to disk A. Knowing
M that the disks roll without sliding, determine (a) the
acceleration of the center of each disk, (b) the horizontal
component of the force exerted on disk B by pin D.
SOLUTION
Geometry: r=150 mm=0.15m
b=AC = BD =50 mm=0.05 m
r+b=020m
Masses: m, =mz=m=2kg mep =1.5kg
Moment of inertia: I,=1,=1= Emr2
Kinematics: o =0
a,=ag=a=a~—
Angular accelerations of disks: a=2
’
ap =a, +bor~—+bo?|
a, =a, +bo ~— +ba? |
For rod CD, a =(a+ba) ~—+b’ i
=(1+2)a<—+bw2i =
r
Kinetics:
DiskA:  +)IMp=%(Mp)y: M —(r+b)C, =mar+Ila
I
=\ mr+—|(a
( r) (@) )
Disk B:  +)IM,=X(My): —(r+b)D, =mar+Ie
1
= _ (mr + _J a @
r
)
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PROBLEM 16.109 (Continued)

Rod CD: FSF =3(F): C,+D,=mgp [1 +2)a
r
4 ’
Cx C D Dx
p—fy P P
' J/ '
¢y v [ Dy
J W.o
. Meo (V+ B
o & e _) D
B b
Mo bt
Multiply by (r +b)
b2
(r+b)C, +DX)=mCDr(1+—) a 3)
r
Add Egs. (1), (2), and (3) to eliminate C, and D,
2
M = 2[mr+£]a+mwr[l+2] a
r r
2
Apply the numerical data. mr —i-i =(2 kg)(0.15 m) +%(2 kg)(%'ll% =0.45kg-m
r A5 m

2 -2
mCDr(l+é] = (1.5 kg)(0.15 m)(l+%) =0.40kg-m
r .

25N-m=2(0.45kg-m)a+(0.40 kg-m)a
a=1.9231 /s>
(a)  Acceleration of the center of each disk:
a,=a,=1923m/s’~— 4

b) Horizontal component of the force exerted on disk B by pin D.

From Eq. (2), D, .=- ! (mr +£]a
r+b r

1 2
=-— 0.45kg-m)(1.9231 m/s*)=-4.33 N
020 ( g-m)( )

m

D, =433N -«
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PROBLEM 16.110

A 10-1b cylinder of radius r =4 in. is resting on a conveyor belt when
the belt is suddenly turned on and it experiences an acceleration of
magnitude a = 6ft/s>. The smooth vertical bar holds the cylinder in
place when the belt is not moving. Knowing the cylinder rolls
without slipping and the friction between the vertical bar and the
cylinder is negligible, determine (a) the angular acceleration of the
cylinder, (b) the components of the force the conveyor belt applies
to the cylinder.

SOLUTION
Mass and moment of inertia.
m= o 101 31056 1b- 52/t
g 322 ft/s
1 1 4 Y
I =Emr2 :5(0.31056 Ib- sz/ft)(E ft] =0.017253 1b-s% - ft

Kinematics:  The cylinder rolls without slipping on the belt which is accelerating at 6 ft/s* ~75°.
a; = (6 ft/s* —ro) A 5°= [6 ft/s* — (% ftja} L 5°

where a = 0{‘> is the angular acceleration of the cylinder.

Kinetics: Let Point C be the contact point between the belt and the cylinder.

W
e F c
.-B"N

VEM o =E(M)y: Wrsin f=—rmag + o
4 . 4 2 2 4 2
(10 Tb)| = ft Jsin5°=—| — t |(031056 Ib-s*/f0)| 6 fUs” —| — 1t |er |+ (0017253 Ib-s* M)

0.29052 Ib - ft = —0.62112 Ib - ft + (0.051760 Ib - s> - ft)or
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PROBLEM 16.110 (Continued)

(@) Angular acceleration.

o =17.613 rad/s* a=17.61 rad/s2‘> |
ag =6 ft/s* — [% ft)(17.613 rad/s*) = 0.129 ft/s*

(b)  Components of contact force:
A5°FLF =%(F): F-Wsin5°=mag
F =W sin5°+ ma, = (10 Ib)sin 5° + (0.31056 Ib - s> /ft)(0.129 ft/s*)
F=09121b <5 4
+2%85° XF =XF =XF,;: N —-Wcos5°=0
N =W cos5°=(10 1Ib) cos 5°
N =9.96 1b ™.85° 4
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B PROBLEM 16.111

A hemisphere of weight W and radius r is released from rest in the position
ol o8 shown. Determine (a) the minimum value of z; for which the hemisphere starts
' to roll without sliding, (b) the corresponding acceleration of Point B. [Hint: Note
that OG = 3 r and that, by the parallel-axis theorem, I = %mr2 - m(0G)*.]

SOLUTION

Kinematics: w=0

a=ag=2aptag)y

f =[ra—]+[Xa|]

Thus, a, =ra—, 5y= )_cai D

Kinetics:

B

T
;’L Ma, = M X
—

%

)M = 5(M ) WX = (mar + (ma,) % + 1o

mgx = (mre) r + (mxa) x + mk’ o

gx
o =——-- 2
PP+ x4+ k> @
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(@)

(b)

PROBLEM 16.111 (Continued)

FLEF =2(F)y: F=ma F =mra

X

HSF, =S(F)qr: N-W=-ma, N=mg-mia

y
F mro re
Min = =——— Mgin = ———— 3)
N mg-xa g —xax
For a hemisphere:
2
)_CZOGZEV Tzlo—mfz—gmrz—m(érj
8 5 8
ngmrz——mr2 2 Lz(g_ij2
5 m 5 o4
Substituting into (2)
s(3) te _15¢
r2+6—4r2+(%—%)r2 57 d
Substituting into (3)
15
3 0.26786
o 56 - . =0.298 4
Hon =T23) () T 0.89955 Honin
15¢ 30g
ag=2rya=Q0Q2r)| == |=—= az=0.536g — <«
= or=( )(56r] 56 5 #

Note: In this problem we cannot use the equation XM , = I, ¢, since Points A, O, and G are not
aligned.

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1579



https://students-hub.com
https://students-hub.com

B PROBLEM 16.112

Solve Problem 16.111, considering a half cylinder instead of a hemisphere.
[Hint. Note that OG = 4r/37 and that, by the parallel-axis theorem,
Oe oG I = %mr2 — m(OG)Z.]

SOLUTION

Kinematics: w=0

ag=a,+ag,=0+[raa—]

f = [ro—] + [xer]]

Thus, a,=ra—, a, =¥ (1)

Kinetics:

B

T
s

)M = 5(M ) ;WX = (mayr + (ma,) X + o

mgx = (mra) r + (mxat) X + mk> o

ax
o =———-- 2
P+ xr+ k> @)
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PROBLEM 16.112 (Continued)

FL3F =2(F)y: F=ma, F =mra
+ IF, =%(F): N-W=-ma, N=mg-mic
F mro re
Hpin=— = — Hinin = — (3)
N mg-xa g —xax
For a half cylinder:
2
¥=0G =2 Tzlo—mfzzlmrz—m ar
Iz 2 3z
pol 1y (4_j
m 2 3
Substituting into (2):
4r
Y g () _xg ,_ 8¢
2 a2, 12 4r \2 3y or r
A (37r) Er (37r) 2

(a)  Substituting into (3):

8
P 0.28294
o
Huin = = Moin = 0.322 |
1- (iﬂ) (%) 0.87992
16g az=0.566g 4
or

)  ag=Qr)a=Q2r) (8—5'} =
Orr
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r=18 mm PROBLEM 16.113

The center of gravity G of a 1.5-kg unbalanced tracking wheel
is located at a distance » = 18 mm from its geometric center B.
The radius of the wheel is R = 60 mm and its centroidal radius
of gyration is 44 mm. At the instant shown the center B of the
wheel has a velocity of 0.35 m/s and an acceleration of 1.2 m/s’,
both directed to the left. Knowing that the wheel rolls without
sliding and neglecting the mass of the driving yoke AB,
determine the horizontal force P applied to the yoke.

SOLUTION

Kinematics: Choose positive v, and a, to left.

rac.0/8m i o- a:-?@ ot .55'““546
A .
ok & °
R=0.0bm Ny
I, N .
L4 a".:-a‘-o-rw
Trans. with B + Rotation about B = Rolling motion

a=|a, +ra)2]<—+[%aleT

Kinetics:

)M =S(M o) PR—Wr=(ma,)r +(ma, )R + I

PR—mgrzm(%aB]r+m(aB +ra)2)R+ml;2a?B

2 72 2
k
=mag (%+R+?J+mr(v—3j R
r

P=mg| = |+ma l+ﬂ +m—v} (1)
8 R B R2 R2 B
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PROBLEM 16.113 (Continued)

Substitute: m=1.5kg
r=0.018 m
R=0.06m

k =0.044 mm and g =9.81 m/s?in Eq. (1)

0.018 0.018% +0.044> 0.018 ,
P=1.509.81)——+1.5(ay)| 1+ +1.5 v
0.06 B 0.062 0.06> *
P=4.4145+2.4417a, +7.5v; )
Data: vy =035m/s——; vy =+0.35 m/s
ag=12m/s*~—; az=+1.2m/s
Substitute in Eq. (2): P =4.4145+2.4417(+1.2) +7.5(+0.35)*
=4.4145+2.9300+0.9188
=+8263 N P=826N -~ «
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PROBLEM 16.114

B
‘ A small clamp of mass my, is attached at B to a hoop of mass m,,. The system
is released from rest when € =90° and rolls without sliding. Knowing that
my,, =3my, determine (a) the angular acceleration of the hoop, (b) the horizontal
and vertical components of the acceleration of B.

SOLUTION
Kinematics: a,=ro—, ag,= rai 9‘/
i (99))
ap =a,—t+ag,
ag=ra— + ra ('!a)3
(@), =ra— (ap), =ra}
Kinetics:

my, =3mg

2

- 5
I =my,r° =3mgr

(@) Angular acceleration.

+)ZMC =X(Mp)y: Wyr=ITo+m,a,r+mg(ag), r+myg (ag),r

Mmpgr = 3mBr20{ + (3mB)r205 + mBrZOt + mBrZa
1
gr=8r'a oc:—ﬁ) |

(b)  Components of acceleration of B.

1 1
(), =ra=gg— (ay), =ra=§gi
(a ) —l — 4
B/x 8g

@), =%gi <
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PROBLEM 16.115

B
‘ A small clamp of mass mp is attached at B to a hoop of mass m;,. Knowing that
the system is released from rest and rolls without sliding, derive an expression
for the angular acceleration of the hoop in terms of mg, m;, r, and 6.

SOLUTION
Kinematics: a,=ra —ag, =ro < 0

ag=a, — +ag, 0

ag=ra — +ro < 0
Kinetics: I =myr’

r‘S/h@

—
4 N

+) SMp =3(My)y: Wyrsin@=1a+my,a,r+myro(r+rcos @)+ myrasin @(rsin )
+myroccos@(r + rcos6)
mygrsin@ = m,r>o+m, (ra)r + mgro(1+ cos @)(r + rcos 6)
+mgrosin O(rsin 8)
mygrsin @ = 2m, r* o+ myr*af(1+ cos 0)* +sin” 6]

=2m,r’ o+ myr’ofl +2cos @ +cos” 6 +sin” 6]
g mg sin @

mygrsin@ = r’o[2m, + m,(2+2cosé o=
58 (2 iy ) 2r my +my(1+cos6)

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1585



https://students-hub.com
https://students-hub.com

PROBLEM 16.116

A 4-Ib bar is attached to a 10-1b uniform cylinder by a square pin, P, as shown.
Knowing that r = 16 in., A = 8 in., 8=20°, L = 20 in. and @ = 2 rad/s at the
instant shown, determine the reactions at P at this instant assuming that the
cylinder rolls without sliding down the incline.

SOLUTION
Masses and moments of inertia.
Bar: mg =%=ﬂ =0.12422 slug
g 322
. \2
I, =Lm,? :i(ﬂj[zo m'] = 0.028755 slug - fi>
12 12322 12
Disk: mp = W, _101b_ 0.31056 slug
g 322
. \2
T, =Lm.r =1(@j(16 mj =0.27605 slug -t
2 20322 )0 12

Kinematics. Let Point C be the point of contact between the cylinder and the incline and Point G be the mass
center of the cylinder without the bar. Assume that the mass center of the bar lies at Point P.

ocza). a; =a; X 20°
For rolling without slipping, (ac), =ag—-ra=0 a;=ra
(ap), =ag +ha
(ap), =(r+h)o
(ap), =0+ha* = ho’
Kinetics: Using the cylinder plus the bar as a free body,

T)IM o =+ (M )y: mpgrsin@+myg(r+h)sin@
=TDOt+mDaGr+I_Ba+mB(aP)t(r+h)
=[Ip +mpr* + 1, +my(r+h)’la

[m,gr+myg(r+h)]sin@

Iy +mpr? + 1, +mg(r+h)?
) [10)(19)+#)(34) Jsin20°

0.27605 + (49 (16)" +(0.028753) + (5%, ) (%)’

322)\12 12

=5.3896 rad/s’
(ap), =(%)(5.3896) =10.7791 ft/s’

(ap), =(&)(2)* =2.6667 fu/s’

o=
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PROBLEM 16.116 (Continued)

Using the bar alone as a free body,

P
TSF, =X(F,)y: P, =my(ap),cos20°—my(ap), sin20° 1 Me o
X
4 4
=| —— [(10.779) c0s 20° — | —— |(2.6667)sin 20°
{32.2)( ) (32.2} ) VM g 3 4
e
P, =1.1450 Ib maae),
* TEFy =2(F))er: Py —mgg =-mg(ap),sin20°—mg(ap), cos20°
4 4 ")
P, =(4)—| —— |(10.779)sin 20° —| —— |(2.6667)cos 20°
: 32.2 322
P, =32307 Ib
P=1.1452 +3.2307> =3.4276 Ib
3.2307
tan O =
p 1.145
B=70.5° P=3431b.£70.5° <
Recognizing that P is the CG of the bar.
+ )M, =S(M,): M, =TI,
=(0.028755)(5.3896) M, =0.1550 ft-1b ) «

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1587



https://students-hub.com
https://students-hub.com

PROBLEM 16.117
)
The ends of the 20-Ib uniform rod AB are attached to collars of
negligible mass that slide without friction along fixed rods. If the rod is
released from rest when 6 = 25°, determine immediately after release
(a) the angular acceleration of the rod, (b) the reaction at A, (c¢) the
reaction at B.
SOLUTION
Kinematics: Assume 0{) =0
23
%ih 250 a 2a
- (-7 ]
- &
s
Se &
aBi =a, +agy, =[a, — |+[40 /A 25°]
ag = (40)cos25° =3.6252¢x = 7
a, =(4a)sin25°=1.6905¢
o 9 sza =
a; =a, +ag, =la, — 1+[2a /4 25°] - 8= Yo,
a; =[1.6905x — ]+[2a /] 25°]
a, =(ag), =[1.6905¢ — 1+[0.845240r ~—]
a, =0.84524a —
a, =[2acos25°|1=1.8126c |
We have found for o/ ) a, =0.845240 —
a, =1.8126
Kinetics: I’ =im(4 ft)
12
1.8126 ft 1.8126 ft
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PROBLEM 16.117 (Continued)

(@)  Angular acceleration.

T)EMy =S(M )y mg(1.8126 ft) = I+ ma, (0.84524 ft) + ma, (1.8126 fo)
mg(1.8126) =ém(4)20{+m(0.84524)20{+m(1.8126)2a

¢(1.8126)=53333c & =0.33988¢ 0. =10.944 rad/s> ) 4

(b) +1SF =3(F,)yy: A—mg=-ma, =m(1.81260)

A-20=— 20 (1.8126)(10.944)
322

A=20-12321
=7.67911b A=7.681b! <«

(©) HUSF =3(F,) B =ma, =m(0.845240)
20
B =—"(0.84524)(10.944)
322

B=5.7453 1b B=5751b— <«
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PROBLEM 16.118

The ends of the 20-Ib uniform rod AB are attached to collars of
negligible mass that slide without friction along fixed rods. A vertical
force P is applied to collar B when 6 =25°, causing the collar to start
from rest with an upward acceleration of 40 ft/s>. Determine (a) the
force P, (b) the reaction at A.

SOLUTION
Kinematics: w=0
¥t
TN &ft
(-]
A r)_
*&/a
8
ag=a, +ag,; [40fts’ [1=[a,~—]+[4a [/25°]
ag = ag, cos25°
40 ft/s*> = (4or) cos 25° -
9:%"% - 2
o =11.034 rad/s* ) “o Ft/s
a, =40tan 25° =18.6523 ft/s* ~—
ap

a; =a, +ag, a;=[18.652~—]+[2a [/ 25°
a; =[18.652 ~—1+[2(11.034) [/ 25°]
a, =(a;), =9.3262 ft/s* ~—

a, =(ag), =20.00 fus” |
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PROBLEM 16.118 (Continued)

Kinetics: 1= im[? = im(4)2
12 12

A

0.84524 f;

I 1.8126 ft

18126
le— 362500 ] A

(a) +) IMp=2X(Mpg)y: P(3.6252)-W(1.8126) = lo+ ma,(0.84524) + mﬁy(l .8126)
W=mg=201b
Ta—imLza
12
1( 20 2
=— 4)7(11.034
12(32.2]( ' )
=9.1377 ft-1Ib

ma, = 20 (9.3262) =5.7926 1b
322

ma, = 20 (20)=12.4224 1b
Y322

P(3.6252)—(20)(1.8126) =9.1377 +(5.7926)(0.84524) + (12.422)(1.8126)
P(3.6252) —36.252=9.1377+4.8962 + 22.517

P(3.6252)="72.8031

P=20.0821b P=20.11b| «

()  +|ZF, =X(F,)y: A-W+P=ma,

A-20+20.082=12.4224 1b A=12.34 le <4
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PROBLEM 16.119

The motion of the 3-kg uniform rod AB is guided by small wheels of
negligible weight that roll along without friction in the slots shown. If the
rod is released from rest in the position shown, determine immediately after
release (a) the angular acceleration of the rod, (b) the reaction at B.

0.8 m

SOLUTION
Kinematics:
[P
A " d”;l
Gﬂ qu m
= S+ & Lair
2 0.4m
8 U
&g
ag, =04 moa—
a,, =(0.8 ma—
ag=a, +ay,; [ay)]=[a,7"30°1+[0.8c— ]
a, = 0-830(‘)0 — 0923760 = 30°
cos o5, 0.80n
a, = (0.8)tan30° = 046188« |
a=a;=a, +ag,; a=[0.923760730°]+[04a+—]
a, =[0.80 ~—]+[04a — ] =040 ~—
a, =[0.461880/|] = 0.46188cr |
We have:
T * P
O 4m
e
F o\
0.4m v
4 L8 E

Jo.vetss;[q I 0.4¢ 188 m
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PROBLEM 16.119 (Continued)

a, =042~ a, =046188/

I =0.16 kg -m*

(@)  Angular acceleration.

F)EMy =S(M ) mg(0.46188 m) =T+ ma, (0.4 m) +ma, (0.46188 m)
3(9.81)(0.46188) = 0.16a +3(0.4)*cr +3(0.46188)* o
13.593=1.28cx
o =10.620 rad/s> 0 =10.62 rad/s” ) 4
(b) Reaction at B.
+)IM, =X(M )y B(O.8m)=~Ter+ma, 0.4 m)

0.8B =—(0.16)(10.620) + 3(0.4)(10.620)(0.4)
0.8B=-1.6991+5.0974
B=42479 N B=425N-— <
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PROBLEM 16.120

e &,
A beam AB of length L and mass m is supported by two cables as shown. If
\9 e/f cable BD breaks, determine at that instant the tension in the remaining
Al A o cable as a function of its initial angular orientation 6.
SOLUTION
Kinematics: At the instant just after the cable break,
w=0 o= 0()
a; =a, +—ai— af§9+—ai
L | I
Kinetics: I=—mL
12

Y | mL
N 2

(+=M; =S(M)ye: (Tsin 9)§= IazémLza

P
8

6T sin@
o=—
mL
mL

L0 XF =%F: T—mgsinﬁz—Ta
_m_L.6Tsin¢9
2 mL
=—3Tsin@

_ mgsin@

Solving for 7, =
1+3sin@
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@ A PROBLEM 16.121

45°
End A of a uniform 10-kg bar is attached to a horizontal rope and end B
contacts a floor with negligible friction. Knowing that the bar is released
from rest in the position shown, determine immediately after release
(a) the angular acceleration of the bar, (b) the tension in the rope, (c) the

1m .
reaction at B.

N

SOLUTION

Kinematics: o= 0{)

l[ag~—1=1la,|1+[La>x45°]  a, =0.7071La|

ag =a, + [L—Z“‘_\Msﬂ =[0.7071 | 1+ [L—za‘_\g 45% = L—ZO"_\Q 45°

SRS L
I L—/l. L 5 +3IMp= }ﬁg 5 (0.7071)
| G - QW\LN’\

— G _ 1 2 L (L
]| Lo T / _E}%LOH-%EO{(E]
' -omn (2
BT 'YY)% i_ a=0.7071 3
N g=9.81m/sz, L=1m,

(a) o =10.405 rad/s® ) 4

FSF=T= mTL“ (0.7071) = @ (3—5') = % mg = 36.788 N

J4

) T =368 N <4
+12F, = N - mg =—§mg, N =§mg = 61313N

(©) N=613N|<
Alternate solution:
Kinematics (realizing that the rope constrains Point A to the j-direction at the instant shown):
a,j = agi + ak x(Lcos45° + Lsin45°))
= agi + (Lcos45°)aj — (Lsin45°)ai
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PROBLEM 16.121 (Continued)

X-components
0 = ap — (Lsin45°)«x
ap = (Lsin45°)«
y-components
a, = (Lcos45°%)a
Acceleration of CG

— 2 —

ag = (Lsin45%)0i + ak x (%cos(45°)i + %sin(45°)j)

(Lsin45)ai + (%cos(45°)aj - %sin(45°)ai)

a =£sin45°ai+£cos45°aj
) 2

Kinetics:

= A
T =
"3
Ly
Equations of motion:
XF, = ma,
-T = m(%sin45°]a ey
ZF), = ma,
L
N —mg = m(;cos45°ja
L
N =mg + m(3c0s45j0{ 2)
M, =T
T L sin45° - N £cos45° = imLZOt 3)
2 2 12

Solving the three simultaneous equations gives the same results as above.
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PROBLEM 16.122

End A of the 8-kg uniform rod AB is attached to a collar that can
slide without friction on a vertical rod. End B of the rod is
attached to a vertical cable BC. If the rod is released from rest in
the position shown, determine immediately after release (a) the
angular acceleration of the rod, (b) the reaction at A.

L =750 mm

VB
SOLUTION
Kinematics: w=0
A ag=a,+ay,; la;—1=[a, |]+La /6]
S R
a’A i g +i0=aA—Lacos€
- 2
& ag a, =Lacos€i
- 8 a=a, +ag,
5=[Lacos6’i]+[§a I/H}
a, =£asin9—> ; a =£acos€ T
2 L)
Kinetics:

| Fcoso | 4iers B

+‘>ZME =X(Mg)es mg%cosé’ =la+ma, [%sin HJ +ma, [%cos HJ

os€‘>

2
mg£c0s9=imL2a+m £sinH a+m —cosé’
2 12 2
3
2

mg £C0$9=lmL20{ o=
2 3

hl%
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PROBLEM 16.122 (Continued)

F EF =3(F)y: A=ma, :méasine
A:m£ gﬁcose sin @
2\2 L

A =%mg sin@cosf —

Data: m=8kg, 6=30°, L=0.75m
2
(@)  Angular acceleration. a= EMcos 30° a =16.99 rad/s* ‘) |
2 0.75m
(b) Reaction at A. A =%(8 kg)(9.81 m/s?)sin 30°cos 30° A=255N— <
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PROBLEM 16.123

Qe /e

\ 100 mm ,,;/;L"’/ A uniform thin plate ABCD has a mass of 8 kg and is
\\;1\ YA held in position by three inextensible cords AE, BF, and
\\§~D A ’-Z f% CG. If cord AE is cut, determine at that instant (a) if the
plate is undergoing translation or general plane motion,

(b) the tension in cords BF and CG.

200 mm oG
'/,//, c
@7 g& 100 mm
| ¢
| 150 mm 1
SOLUTION

Immediately after cord AE breaks, @ = 0.

(a)  Assume that the cords BF and CG constrain the plate to undergo curvilinear translation, making a = 0.

a; =a \30°
T&F
A o4
& A 73
eug.. (24
Tes MGe
Tﬂa( e0°
D c D &

+ N 30°%F =XF: mgsin30° =may
a; = gsin30°

V=M = X(Mp)p: 0.075mg +0.200T; cos 60° = mg sin 30°(0.100 + 0.0755in 30°)
0.100T,; =—0.00625mg T, =—0.0625mg

Since T¢ is negative, the cord becomes slack so that the plate undergoes general plane motion with 7, =0.

general plane motion <«
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PROBLEM 16.123 (Continued)

(b) Kinematics: a, =a, 30°

azav

ag =a, +0.100a— + 0.075¢r |

Kinetics:
Tee
A g /&°
G — C M (1006
MQB
ma D.07Sol
D sk
m=38 kg

I= %(8 kg)[(0.150 m)? + (0.200 m)*] = 0.041667 kg - m*

FLYF =3(F,) g Ty cos60° = (8 kg)(0.100) + (8 kg)a, cos 30° (1)
+ SF, = S(F,)y: Ty sin60° - (8 kg)(9.81 m/s”)
=—(8 kg)(0.075) — (8 kg)a, sin 30° 2)
)EM G =E(Mg)y: 0.075T, sin 60° —0.1007,; cos60° = [ar
0.014952 T}, =0.041667c 3)
Solving Egs. (1), (2), and (3) simultaneously,
T,r =65.168 N, o =23.385rad/s*>, a, =2.0028 m/s’
Tension in cords: Ty =652N 4

T.o =04
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PROBLEM 16.124

/l)

The 4-kg uniform rod ABD is attached to the crank BC and is fitted with a
small wheel that can roll without friction along a vertical slot. Knowing that at
the instant shown crank BC rotates with an angular velocity of 6 rad/s

¢ clockwise and an angular acceleration of 15 rad/s’ counterclockwise, determine
the reaction at A.

100 mm

o

\(B
200 mm

o
)

200 mm

SOLUTION
L2, P+ Sradf
B e
Crank BC: (,‘36)7; ;( :,(f‘md,"‘
BC=0.Im
(a), = (BC)ar=(0.1m)(15 rad/s*) =1.5 m/s’ (ay), =1.5rad/s? |
(ap), = (BC)w* = (0.1 m)(6 rad/s)* = 3.6 m/s* (), =3.6 m/s*—
D
Rod ABD: 0=sin! BE _in1 01m _ 500 o \ | ASAEL
02m G 2ibemfe
of
a, =apta,;
[a, 11 =11.5,+3.6—1+[0.20:% ]
+.0=3.6-(0.2a)cos
a=—20 18 2078 raass? @ =20.78 rad/s® )
0.2cos#  cos30°
D »
M2y
2 -
Kinetics: - A 77 Sy
1 (a2 )cos 30° T
MG =XM o)t AQITR2M)=la=—mla teosse
—_—
A £\

= %(4 kg)(0.4 m)*(20.78 rad/s?)

A=6399N A=640N-— <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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' 25 in. ‘ PROBLEM 16.125

The 7-1b uniform rod AB is connected to crank BD
Dl and to a collar of negligible weight, which can slide
- r freely along rod EF. Knowing that in the position

4 in.
% _[l shown crank BD rotates with an angular velocity of
B 15 rad/s and an angular acceleration of 60 rad/s’,
both clockwise, determine the reaction at A.
SOLUTION
Crank BD: ®p, =15rad/s, vy = (ift)(IS rad/s) =5 ft/s —
/1111 12
_T_Q_ \ 0.5, = 60 rad/s’
s Pev
4 2 2
(ag), = (— ft)(60 rad/s”) =20 ft/s® ~—
Hin. / gL gv 12
v _ (ap), = (% ft)(lS rad/s)* =75 ft/s* |
B

Rod AB:
Velocity: Instantaneous center at C.

CB = (12—; ft]/tan 30°=3.6084 ft

AL—ZS in.—bl B

Vg 5 ft/s
=2 =~ " =1.3856rad/
®ar =05~ 36084 fr rad’s )
Acceleration:

Qe Qs = 7%’-53‘2:/51 75 g( Al (45-/3).,,
g A
P, & B = _A e l——ég b A G 8

= 2 2o 2o TV

“@p)= 204" e
(Czﬁlb)t CCJG/iif
25
(), = (ABYE =Ly |

(au), = (AB)@;, = (%](1.3856)2 =4 ft/s®> —

12.5
(agp), = (GB)a i = ?aAB i

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
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PROBLEM 16.125 (Continued)

12.5

(Agp),— = (GB)W,, = (F) (1.3856)* =2 ft/s* —

a, =ag+ag, =ag+(ag,), +(@g,),
[aA5>30°]=[20‘—]+[75T]+[f_§%«3i }L[‘L_’]
S oa,c0s30°0=20—4;  a, =18.475 ft/s> > 30°
. ano 25 2
+1 (18.475)sin30 =75 =Dy 0, =31566radis’ )
a=ag+ag, =ap+@g;), +(ag;),

a=[20~—1+[751+[122(31.566) | ]+ [2— ]

12

4@, =20-2=18; & =18ft/s> ~—

+ a,=75-32.881=42.119; @&, =42.119fus |

2
_ ,  71b (25 )
N T =—m(AB)’ = = ft| =0.078628 slug -fi
Kinetics: 2" A =160 ( 12 ) g

By Qe )y
AL t m (@ s Tete

—
1 P 4» — 1 F_. . )

B A &/ B

b2

w=T70k.

+) SMy=%(My): (Asin 60°)(% ftj —mg (—112; ftj =—la,, +ma, (‘112; ﬁ)

1.80424 —(71b) (% ft) =—(0.078628 slug - ft*)(31.566 rad/s*) + (327 >

slug)(42.119 ft/sz)(% ftj
1.8042A—7.2917 = —2.4820+9.5378
A=795221b A=7.951b < 60° <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 16.126

| 95 in. | In Problem 16.125, determine the reaction at A, knowing
‘ that in the position shown crank BD rotates with an angular

velocity of 15 rad/s clockwise and an angular acceleration
D) — of 60 rad/s> counterclockwise.

-

PROBLEM 16.125 The 7-1b uniform rod AB is connected
to crank BD and to a collar of negligible weight, which can
slide freely along rod EF. Knowing that in the position
shown crank BD rotates with an angular velocity of 15 rad/s
and an angular acceleration of 60 rad/sz, both clockwise,
determine the reaction at A.

=

SOLUTION

Crank BD: ® 5, =15rad/s,
i
D -

_T—KTJ Wep

/ / 2

( (ap), = (% ft] (60 rad/s®) =20 ft/s> —
-

4
=3 (ay), = (E ft] (15 rad/s)? =75 ft/s” |

Vp = (% ft](lS rad/s) =5 ft/s ~—

Rod AB:
Velocity: Instantaneous center at C.

CB = (f—; ftj/tan 30°=3.6084 ft

Vg 5 ft/s
W,, =——=—————=1.3856rad/s
487 CB T 3.6084 ft J
Acceleration:
Qa

an G (:‘) 75 7s 7s STYAN
A N\e 8 o 4 ol le + A 8

- 20 20 o )

Q)= 20 Frs™

ole
(CHARN(IIAN

25
(@) = (AB) g ZEaABi

(a,), = (AB)w;, = (%j (1.3856)* = 4 ft/s> —

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
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PROBLEM 16.126 (Continued)

12.5
(agp), = (GB)y = FaABi

(agp), =(GB)W:, = [%)(13856)2 =2ft/s*—
a,=ag+ag, =ag+(@g,) +@z,),
25
[a, ™ 30°]=[20— ]+[75]1+ EaABi +[4—]
F.: a,c0s30°=20+4;  a, =27.713ft/s* < 30°
+ . o 25 2
i: (27.713)sin 30 =—75+EOZAB; o, =42.651rad/s ‘>

a=ag+ag=a;+(g;), +@g,),

5:[20—»]+[75T]+{112—;(42.651)i }[2—»]

+oa,=20+2=22; a, =22ft/s* —

+a, =75-44.428 =30.572; a, =30.6 fus’|
2
Kinetics: T=—"1 (2541 _0078628 slug - ft?
12(322)\ 12

BJ W\(ao)j
AL P m@d]s T

o v Smmma- t ——a ]

3%—A &/ B

wW=70.

+)IMp =S(M )y (Asin60°) (% ft] —mg (% ft] =—la,, +ma, (% ft]

1.80424 - (7 1b)| 222 fi | = ~(0.078628 slug - 1*)(42.651 rad/s®) +| —— slug |(30.572 fs®)[ 122 fi
12 322 12
1.80424 —7.2917 =-3.3536 + 6.9230

A=6.01981b A=6.021b < 60° 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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\}] PROBLEM 16.127
The 250-mm uniform rod BD, of mass 5 kg, is connected as shown to
50 mm disk A and to a collar of negligible mass, which may slide freely along
a vertical rod. Knowing that disk A rotates counterclockwise at a constant
rate of 500 rpm, determine the reactions at D when 6 =0.
D ‘
l«* 150 mm —|
SOLUTION
B £
Kinematics: For disk A: (, =0) Y . A
v, N
o, =500 rpm =52.36 rad/s
vg =rw, =(0.05 m)(52.36 rad/s)
=2.618 m/s
ay =rw, = (0.05 m)(52.36 rad/s*)
=137.08 m/s
For rod (velocities) J=2,6/8m
V,=L.616mb .
C =4(0.25)% —(0.15)2 & /
=0.20 t"
m o
cos ff = 015_3 L
025 5 D
' “Dlp——
o Ve _ 2618 0.15m
BC 0.20 m
®=13.09 rad/s )
B ﬁ(ﬁxni) 2
Kinematics of rod (accelerations)
_ C a - & =
aptapp =ap 4 e, a
[aBi]_f_[(aD/B)niﬂ]_f_[(aD/B)r\YIﬂ]:aDT Dla_ k’D\A % [P
-
[137.081+[0.25(13.09)> « B1+[0.25aN Bl =ay

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
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X components:

e

0,25
LY/ ]

42,64
L J

Kinetics

PROBLEM 16.127 (Continued)

%(42.84) —?(0.2505) =0

25.704—0.2a=0 @ =128.52rad/s’ )

a=a; =ag +aG,B
=[137.08 |] +[0.125(13.09)> / 1+[0.125(128.52) *]
=[137.08 | 1+[21.42« B1+[16.065\] ]

+.a, =%(21.4z) —%(16.065) =0

tla, =137.08—%(21.42)—%(16.065) =110.31m/s>

~I
I
3
~
LS}
I

1 2
— (5 kg)(0.25m
B (5 kg)( )

=0.026042 kg - m?
2,

R

Tt =0.02604> (178.52)
=3.34%7 N-m

ma = 5’(/!0-3!):55/.6 N
D 0,015m p

)IM =Z(Mp)yr: D(0.20 m)+W(0.075 m) = ma(0.075) ~ Iox

0.2D +5(9.81)(0.075) =551.6(0.075) — 3.347

0.2D =41.370-3.347-3.679 =34.344
D=1717N

D=171.7N— <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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Bya] PROBLEM 16.128

Solve Problem 16.127 when & =90°.
50 mm
PROBLEM 16.127 The 250-mm uniform rod BD, of mass 5 kg, is connected as
shown to disk A and to a collar of negligible mass, which may slide freely along
a vertical rod. Knowing that disk A rotates counterclockwise at a constants rate of
D 500 rpm, determine the reactions at D when 6 =0.

l«— 150 mm —|

SOLUTION
‘\‘:,
Kinematics: FordiskA: (o, =0) A
o, =500 rpm =52.36 rad/s &
vg =r@, =(0.05 m)(52.36 rad/s) 1)’6
=2.618 m/s
ay =rw; = (0.05 m)(52.36 rad/s)> 0,10 m
=137.08 m/s’ — B
For rod (velocities) ¢
Since v, is parallel to, v, I’ 22
Gl
we have =0
£
We also note that cosg = 0.10 > l
0.25 A
¢ =66.42° -p

For rod (accelerations)

(app), =0 By %, B(fied) a
z -8
Since w=0 %j\g//;/
aptapp=ap a
D a WA -D
8

137.08 > +0.25a ¢ =a, |
(0.25¢) sin 66.42° =137.08

@=598.3 rad/s> ) 4, .: 0,25

a=ag=ag+agy 137,08

4. @, =137.08—-0.125(598.3) sin 66.42° = +68.54 m/s*

+ @, =0.125(598.3) c0s 66.42° = +29.92 m/s

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
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PROBLEM 16.128 (Continued)

Summary of kinematics: a =598.3 rad/s? ), a, =68.54 m/s® —, ﬁy =2992 m/szT
T=Lmp —i(s kg)(0.25 m)?
12 1o e

=0.026042 kg - m*

Kinetics:

To = 0.026042 (598,3)= 15,581 N-im )
ma = 5(68.5%)= 3427 N
mé, = 5(2942) = 119.6 N

We recall that ¢ =66.42°. Thus: £ =(0.25 m)sin¢ =0.2291m

D)EMy =S(My)y: Dh+W(0.05) = ma, (g] —ma, (0.05) - Tox

D(0.2291) +5(9.81)(0.05) = (342.7)

0'22291 —(149.6)(0.05) —15.581

0.2291D =39.256 - 7.480—-15.581-2.453 =13.742 D=60.0N— <«
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PROBLEM 16.129

The 4-kg uniform slender bar BD is attached to bar AB and a wheel of
L5m negligible mass which rolls on a circular surface. Knowing that at the instant
shown bar AB has an angular velocity of 6 rad/s and no angular acceleration,

/ determine the reaction at Point D.

f——0.75m —»—1 D ///
-
e

9

0.75m

SOLUTION
Kinematics:
= Since (vp), =0,
\ (vp), €0s60° = (vp), cos30°

(), = (V). = (AB) @y, = (0.75 m)(6 rad/s)

cos 60°
Vb= o300

1
_ 0756 12 _075©

97

But
(vp), = @y (BD)

(VD)y 0.75 (6) 6
Wpp = = = —rad/s
7 BD 0753 3

a, = AB @2, = (0.75 m)(6 rad/s)?= 27 m/s? |

ap =ap+tapp
(@), =~ 30°] + [(1.5)(6/4/3)2 ™ 60°] = [27 | 1+ [0.75 o | 1+ [0.75)(6/4/3)% =]
60° ™. 0 +18 = —27sin60° + (0.75sin 60°)cxgy, + 95sin30°

g = 18 + 27sin 60° — 9sin 30 — 567846 rad/s

0.75sin 60°
ag =ag tagp

= [27] 141037505, | 1+ [(0.375)(6/3/3)2 ~—]
= [5.7058 m/s?| ] + [4.5 m/s2~—]

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 16.129 (Continued)

Kinetics:

m=4kg I;= Lo = é (4)(0.75)* = 0.1875 kg - m*

12

— b
[:ﬂ—O?“"oYY\ OS'ISYT\_B‘\

CUSCEDSETEY 40

)VEM = (M ) gy

—(39.24 N)(0.375 m) + D cos30° (0.75 m) = {(0.1875)(56.7846) - (54)(().375)(1 - Lﬂ N-m

3
0.64952 D = (14.715 + 10.6471 — 8.5587) N-m
D =25.87 N ™ 60°

or D=259N ™ 60° ¢

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 16.130

The motion of the uniform slender rod of length L = 0.5 m and mass m = 3 kg
is guided by pins at A and B that slide freely in frictionless slots, circular and
horizontal, cut into a vertical plate as shown. Knowing that at the instant shown
the rod has an angular velocity of 3 rad/s counter-clockwise and 6 = 30°,
determine the reactions at Points A and B.

SOLUTION
Mass and moment of inertia: m=3kg ‘\"‘
s 1 5 1 2 2 & ,
I =—mL =—3 kg)(0.5 m)” =0.0625 kg - m
12 12 v
-6
Kinematics: ® =3 rad/s ‘>

Va=Vs™ VBZVBi

Locate the instantaneous center C by drawing line AC perpendicular to v,

and line BC perpendicular to v.

Va A
v, =(Lcos30%)w
= (0.5 mcos30°)(3 rad/s)
=1.29904 m/s o
30
vg =(Lsin30%)@ G
= (0.5 msin30°)(3 rad/s)
=0.75 m/s
B
a=a) a,=a,—
e
v - (0.75 m/s) T e I
a, _?<—+(a3)y _Wh(a,g)y
= 1.875 /s~ +(ap), |
ag =a, +ag, =a, +(ag,), +@z,),
where (ag,), = Lo “X30°=0.5c "\ 30°
and (ag,), = Lo* £ 60°=(0.5)(3)> £ 60°=4.5 m/s* £ 60°

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 16.130 (Continued)

Equating the two expressions for a, gives

1.875 m/s® ~—+(ay), f=a, +0.50430°+4.5 m/s> < 60°
—: —1.875=a, +0.5acos30°+2.25
a, =-0.50cos30°—4.125
ag =a, +(g,), +@g,),

= (O.50{cos30°+4.125)<—+§0ﬁ<30°+§a)24600

=(0.50:¢c0830° + 4.125) «—+0—;oﬁ<30° +O—;(3)2 A 60°

= (0.21651cr +3.00) ~— +(1.94856 —0.125¢) |

Kinetics: mag; = (3 kg)a;

=[0.64952¢ +9.00] =— +[5.8457-0.375¢x] T

Ta=0.0625¢
MA
¢V 3
mas),
- (MQg),
Jol
= |
e t c

L . L L .
+‘>ZMC=Z(MC)CH: mg551n30°=Ia+(maG)xEcos3O°—(maG)yEsm30°

(3)(9.81)0—;sin 30°=0.0625x
0.5
+(0.649520 +9.00) TCOS 30°

—(5.8457 - 0.3750{)O—jsin 30°

3.67875=0.25+1.21784
o =9.8436 rad/s®

ma, =[(0.64952)(9.8436) +9.00] ~—+ [5.8457 — (0.375)(9.8436)] |
=[15.394 N]-—[2.1544 N1

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
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PROBLEM 16.130 (Continued)

XF=2F,; =mag: AT+B—>+mg izmaG
+T: A—-(3kg)(9.81 m/s)=2.1544 N A =316 NT{
+—: B=-15.894 N B=15.80 N -— «
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A PROBLEM 16.131

At the instant shown, the 20 ft long, uniform 100-1b pole ABC has an
angular velocity of 1 rad/s counterclockwise and Point C is sliding to the

a
right. A 120-1b horizontal force P acts at B. Knowing the coefficient of
B kinetic friction between the pole and the ground is 0.3, determine at this
= » T instant (a) the acceleration of the center of gravity, (b) the normal force
6 ft between the pole and the ground.
80° l
C
SOLUTION
Data: [=20ft, W=1001b, P=1201b, g, =03
T=Lpp=1[10 (20)* =103.52 slug - ft*
12 12\32.2
Kinematics: o= Ot‘> ac =a.—
ag =ac +@gc), +@gg),
) L 5 o
=la. — ]+ 50{ ~10° |+ Ea) < 80 @)
Kinetics: Sliding to the right: Fr =N
Tol
!Ilgcj_ P =
2 0¥ w

D)IM =+)E(M g egr’ N%sinlO" ~F, écoleo + P(écosloc’ - hj =Ila

lo- NésinlOO +,ukNécos10° = P(écosloc’ - hj

103.519¢ - (10)(sin10° = 0.3cos 10°) N =120(10cos10° - 6) 2)
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PROBLEM 16.131 (Continued)

I . )
+T XF, = +T Z(F))et: N —mg =—(m7ajs1n10°—m7a)2 cos10°

[m?lsin10°ja+N =mg —m?la)2 cos10°

100 ) 10)sin10° _ oo (100 .
{(32.2j(10)51n10 }a+N—(100) (32'2j(10)(1) cos10 3)

Solving Egs. (2) and (3) simultaneously,

o =3.8909 rad/s’ N =48.433 1b

HLEF = F N(F )y P—Fp =mac —%lacoleOwLmTla)z sin10°

mac = P—#kN+m7lacos10°—m71a)2 sin10°

100 100 100 .
——a, =120-(0.3)(48.433) +| —— |(10)(3.8909) cos10° —| —— |(10)(1)* sin10°
300 % (0.3)( ) (32‘21( )( ) [32.2} )(1)“ si
ac =70.542 ft/s>
Using Eq. (1), a, =70.542+[(10)(3.8909) =~ 10°]+[(10)(1)> < 80°]
(ag), =70.542—38.909 cos 10° +10cos 80°
=33.961 ft/s*
(ag), =—38.909sin10° —10sin 80°
=—16.605 ft/s*
ag =/(33.961)° +(16.605)°
=37.803 ft/s?
16.605
an = =26.055°
P=Goer P
(@)  Acceleration at Point G. a; =37.8 ft/s* < 26.1° 4
(b)  Normal force. N=4841b] «
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PROBLEM 16.132

A driver starts his car with the door on the passenger’s side
wide open (6 =0). The 80-lb door has a centroidal radius of
gyration k =12.5in., and its mass center is located at a
distance r =22 in. from its vertical axis of rotation. Knowinég
that the driver maintains a constant acceleration of 6 ft/s”,
determine the angular velocity of the door as it slams shut
(6=90°).

SOLUTION
Kinematics:
? =22 !’h.-—\
<
[~
8
Kinetics:
B

T)IM, =M ) yp: O=1a+(mra)F —ma,(F cos6)

mk *a+mr*a = ma,r cos

a,r
azﬁcosé’
+r

: _ o do s = _ e 7125
Setting a=w%, and using 7 —Eft, k —Tft
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PROBLEM 16.132 (Continued)

2
i (lzzft)a/* —=cos 6
@ | (e +(3) |
=0.41234a, cos 0

wdw=0.41234a, cos6 d8

[2h 72
jo odw= IO (0.4124a,)cos 0 dO

1 L™
‘— 0’| =0.41234a,lsin 617"
2 0
w} =0.82468a, (1)
Given data: a, =6 ft/s>—

@} =0.82468(6)
=4.948 rad?/s> @; =222 rad/s 4

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1618

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 16.133

For the car of Problem 16.132, determine the smallest constant
acceleration that the driver can maintain if the door is to close
and latch, knowing that as the door hits the frame its angular
velocity must be at least 2 rad/s for the latching mechanism to
operate.

SOLUTION
Kinematics:
'-. =22 fh‘-—\
V4
[~
8
Kinetics:
2]

+)IM, =M,y 0=l a+(mFa)F —ma,(F cos )

mk >0+ mr o= ma,r cos 0

a,r
o=—>"—cosf
k*+7?
Setting & = @42, and using ¥ =2 ft, k =122 ft
2ft)a

40 _ (122 ) cos
SRR

=0.41234a, cos @

wdw=0.41234a, cos0 d6
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PROBLEM 16.133 (Continued)
@y il2
J' wdw= J' (0.4124a,)cos 8 dO
0 0
@f
‘l @*| =0.41234a, 1sin@17?
2 0
w; =0.824684, (1)
Given data: Wy = 2 rad/s
Eq. (1): w} =0.824684,
(2)* = 0.82468a,
a, = 4.85 ft/s* a, =4.85 ft/s>— «
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PROBLEM 16.134

Two 8-Ib uniform bars are connected to form the linkage shown.
Neglecting the effect of friction, determine the reaction at D
immediately after the linkage is released from rest in the position

30 in. shown.
S C
AC e Q%
‘ B
i 15 in. i 15 in. !
SOLUTION "
A 8 r
Kinematics: S T % ‘]&\
=g I"-
Bar AC: Rotation about C -
a=(BC)a= Eft o
12
a=125, a,
15 in.
sin@ = 6=30° B 17 =
30 in. X0
Agsd
Bar BC: ap; =Lo ™ “e>!
Must be zero since aDi 0g, =0 and agz,=a
Kinetics:
Bar BD
T
7 5 >
38 .. a 20
lﬁ‘*": ";A 6 - 6
2,158 = an_q’,‘o-ma-m(/.zr«)
‘LB-J i 8 Fe 4 28
Sp 95 J5 (e=0.838 ¢
+1%F, =%(F,)yy: B, -W =-ma
b
B —-8lb= —8—(1.25a)
Y 32.2
B, =8-0.3105c 1)
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PROBLEM 16.134 (Continued)

)VEM =S(M ) D(2.165 ft)y— W (0.625 ft) = —ma(0.625 ft)

D(2.165 ft) — (8 1b)(0.625 ft) = —;32—11)2(1.250()(0.625 ft)
D =2.309-0.089650 )
Bar AC: I= im(AC)Z
12
= i&(2.5 ft)?
12322

=0.12941b - ft - s>

5 | &~ v ‘l—fq c
" 1, = & 7 =
w g 8
b 42500 -
)EM e =S(M ) W25 f)+ B, (1.25 f) = T o+ m(1.250)(1.25)

/
m &= w2850

Substitute from Eq. (1) for B,

8(1.25) + (8 — 0.3105¢)(1.25) = (0.1294) e + 35—2(1.25)205
10+10—-0.3881cx = 0.1294 + 0.3882¢x
20=0.9057
o = 22.08 rad/s>
Eq. (2), D =2.309-0.08965¢

=2.309 —0.08965(22.08)
=2.309-1.979

D=0.3301b D=0.3301b~— <«
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PROBLEM 16.135

400 mm ‘

¢ The 6-kg rod BC connects a 10-kg disk centered at A to a 5-kg rod
Y, > CD. The motion of the system is controlled by the couple M
250mm  applied to disk A. Knowing that at the instant shown disk A has an
200 mm D \[ angular velocity of 36 rad/s clockwise and no angular acceleration,
determine (a) the couple M, (b) the components of the force
exerted at C on rod BC.

SOLUTION

Kinematics: Velocity analysis. ® ,5 =36 rad/s)
Disk AB: vy = AB @, "% 30°=(0.200)(36) “x30° = 7.2 m/s "~ 30°
RodBC: v, =v,30°
Since v is parallel to v, bar BC is in translation.

Ve =72 m/s \30° 0z =0

Rod CD: O =2 = T2 M5 _ 58 8 radls
lep 025m
Ocp =28.8 rad/s )
Acceleration analysis: o, =0
Disk AB: Ay =0, XTIy, — Wi5T50

=0-(36)*(0.2) & 60° =259.2 m/s*> ¥ 60°

Rod BC: Upe = Oye )

ac =a, +@cp), — Gpeles

a, =259.2 3 60°+0.4a,, | +0 (1)
Rod CD: Ocp =0fp ‘>

0 =@cp), — WpTep =10.250, 7 30°1-[(28.8)*(0.25)  60°]
a. =[0.250, 4~ 30°]1-[207.36 » 60°] 2)
Equate components of two expressions (1) and (2) for a.

+—:  —259.2¢c0s60° =—-0.25¢, cos30° —207.36 cos 60°
Ocp =119.719 rad/s acp =119.719 rad/s® )
+: —259.25in60° + 0.4 = 0.2501,, sin 30° — 207.36in 60°

Olpe =149.649 rad/s® e =149.649 radis® )
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PROBLEM 16.135 (Continued)

Accelerations of the mass centers.
Disk AB: a,; =a, =0
Rod BC:  Mass center at Point P. Iy =(02m)—
Ap =8y + 0o XTpp — Wpcpp
=[259.2.%760°]+ 0.2 T] +0 =[259.2.5760°]+[29.9298 T]
Rod CD:  Mass center at Point Q. ryp =0.125 m 4760°

Ay =0cpXTyp — wé‘DrQ/D
=[0.125 o .30°]— [(28.8)2 (0.125) % 60°]
=[14.964875 ™ 30°] —[103.60 »*~ 60°]

Masses: myp =10kg, mp. =6kg, my,=5kg
Effective forces at mass centers.

Disk AB: Mapdy =0

Rod BC: myea, = 6a, =[1555.2 N3 60°]+[179.58 N ]

Rod CD: mepa, =5a, =[74.82 N 2 30°]+[518 N7 60°]
Moments of inertia:

Disk AB: I = %mAB Fip = %(10)(0.2)2 =0.2 kg-m’

Rod BC: Iye = imgczgc = i(6)(0.4)2 =0.08 kg - m*

12 12
Rod CD: Iep = %mc,)lg,) = %(5)(0.25)2 =0.0260417 kg - m*

Effective couples at mass centers.

Disk AB: 1,50, =0
Rod BC: Tyc0pc = (0.08)(149.649) ) =11.97192 N-m )
Rod CD: Teptcp =(0.0260417)(119.719) ) =3.11768 N-m )

\19.58N J—
.47 m
I

Summary of effective

forces and couples / S N
‘ 3.1176¢8 N-m
J. /)
= 13 N

iz

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1624

STUDENTS-HUB.com


https://students-hub.com
https://students-hub.com

STUDENTS-HUB.com

PROBLEM 16.135 (Continued)

Kinetics

Rod BC:

B
J
BL P ¢
B——‘ﬂ— - 5 -
5

MeG
)EIMp =X(Mp)er: lpcC, —%chmg =3(M ).
(0.4 m)C, — (0.2 m)(6 kg)(9.81 m/s?)
=11.9719 N-m+ (0.2 m)(179.58 N)
—(0.2 m)(1555.2 N) sin 60°
C,=-52427N

Rod CD: +‘> My =2(Mp)y: Clepcos30°+(524.27 N)(0.125 m)
—mgpg(0.0625 m) =X(M p))

(0.25 m)C, cos30°+65.534 N-m
- (5 kg)(9.81 m/s?)(0.0625 m)

=3.11768 N - m + (0.125 m)(74.82 N)

C.=-23093N
Disk AB and rod BC:
524_27N
C

220,93 N

<~

mec%
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PROBLEM 16.135 (Continued)

DVEM, = (M ) p: —M —(524.27)(0.4 +0.25in 30°) +(230.93)(0.2cos 30°)
— (6 kg)(9.81 m/s?)(0.2 +0.2sin 30°)
=11.9719+(179.58)(0.2 + 0.25in 30°)

—(1555.2¢0s30°)(0.2)
-M —262.135+40.0-17.658

=11.9719+53.874 - 269.369
-M =36.27 N-m

(a) Couple applied to disk A. M=363N- m‘> <4

(b)  Components of force exerted at C on rod BC.
C=231N-—+524N| <
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PROBLEM 16.136

The 6-kg rod BC connects a 10-kg disk centered at A to a 5-kg
rod CD. The motion of the system is controlled by the couple M
applied to disk A. Knowing that at the instant shown disk A has an
angular velocity of 36 rad/s clockwise and an angular acceleration
of 150 rad/s® counterclockwise, determine (a) the couple M,
(b) the components of the force exerted at C on rod BC.

SOLUTION

Kinematics:  Velocity analysis. ® ,; =36 rad/s )
Disk AB: v, = Ea)AB “N30°=(0.200)(36) =\ 30°=7.2 m/s “x30°
Rod BC: v, =v, \30°
Since v, is parallel to v, bar BC is in translation

Ve =72 m/s \30° 0z =0

Rod CD: 0y =2C = T2 _ g 8 radss
Iy 0.25m
o, =28.8 rad/s )
Acceleration analysis. 0,5 =0
Disk AB: Ap = 0y XXy — Wiy,

=[(150)(0.2) ™ 30°] - [(36)*(0.2) » 60°]
=[30 m/s* ™. 30°1+[259.2 m/s* ¥ 60°]
Rod BC: e =150 rad/s?")
ac =2, +@c;), — Opclesp
a. =[30 ™ ]+[259.22 60°] +[0.42,,1+0 (1
Rod CD: Aep = Oep )
ac = @gp), — Opptep =10.25a0, ™ 30°1-[(28.8)*(0.25)  60°]
a, =[0.25ap > 30°1-[207.36 % 60°] (2)
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PROBLEM 16.136 (Continued)

Equate components of two expressions (1) and (2) for a.
+—=: —=30c0s30°—259.2¢c0s60° = —0.25¢, cos 30° — 207.36 cos 60°
Ocp =239.719 radls® @y =239.719 radis? )
+T : 30c0s30°—259.25in 60° + 0.405- = 0.25¢, sin 30° —207.36sin 60°
Ope =149.649 rad/s® @y =149.649 rad/s® )
Accelerations of the mass centers.
Disk AB: a,; =a, =0
Rod BC:  Mass center at Point P. Iy =(02m)—
ap =8y + 0o XTpp — Wpcpp
=[302x30°]+[259.2 4~ 60°]+[0.20p T]+ 0

=[30x.30°1+[259.2 27 60°] + [29.9298T]
Rod CD:  Mass center at Point Q. ryp =0.125 m £ 60°

ay =0cp XTgp — wg‘DrQ/D
=[0.125 o-p Ix30°] - [(28.8)%(0.125) ¥ 60°]
=[29.964875 >~ 30°]—[103.60 2~ 60°]
Masses: myup =10kg, mgz. =6kg, mq,=5kg

Effective forces at mass centers.

Disk AB: mypa, =0
Rod BC: myeap =6a, =[180 N ™ 30°]+[1555.2 N 3 60°]+[179.58 N |]
Rod CD: mepa, =5a, =[149.82 N ™. 30°]+[518 N ¥ 60°]
Moments of inertia:
Disk AB: I = %mAB Fig = %(10)(0.2)2 =0.2 kg-m’
Rod BC: Iy = ichlgc - L6047 =008 kg-m*
12 12
Rod CD: Iep = %mc,)lg,) = 6(5)(0.25)2 =0.0260417 kg - m*
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PROBLEM 16.136 (Continued)

Effective couples at mass centers.

Disk AB: I,50,5 =(02)150) )=30N-m )
Rod BC: Tyc0pc = (0.08)(149.649) )=11.97192N-m )
Rod CD: Teptcp = (0.0260417)(239.719) )=6.24268 N-m )
\19.58 N
120 N . 97192 New

Summary of effective
forces and couples.

AANGIALY
]

I555.2 N

D
Kinetics
Rod BC:
T By 2 S
B P ¢
_ﬂ v Ly >
Bx l C.
Mee3
1 N
+‘> EMp =2(Mp)es: lgcCy — Echmg =2(M ) gy H79.21

(0.4 m)C, — (0.2 m)(6 kg)(9.81 m/s”)
= (0.2 m)(180 N sin 30°) +11.9719 N-m + (0.2 m)(179.58 N)

—(0.2 m)(1555.2 N) sin 60°

C, =-479.27N

Rod CD:  +)IM, =X(M )i Cilepcos30°+(479.27 N)(0.125 m)

—mpg(0.0625 m) =X(M p) ) 5

(0.25 m)C, cos30°+59.909 N-m — (5 kg)(9.81 m/s?)(0.0625 m)
=6.24268 N-m +(0.125 m)(149.82 N)

C,=-14722N
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PROBLEM 16.136 (Continued)

Disk AB and rod BC:
479.27N
P c
[
J( \WT. 22 N

—M —(479.27)(0.4 + 0.2sin 30°) + (147.22)(0.2 cos 30°)

— (6 kg)(9.81 m/s*)(0.2 +0.25sin 30°)

=(180)(0.2+0.25in30°) +11.9719 + (179.58)(0.2 + 0.2sin 30°)
—(1555.2¢c0s30°)(0.2)

-M —239.635+25.50-17.658

=54+11.9719 +53.874 - 269.369

-M =8227N-m

(a) Couple applied to disk A. M=823N- m‘> <4

(b)  Components of force exerted at C on rod BC.
C=1472N-—+479N | 4
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PROBLEM 16.137

In the engine system shown [ =250 mm and » =100 mm. The
connecting rod BD is assumed to be a 1.2-kg uniform slender
rod and is attached to the 1.8-kg piston P. During a test of the
system, crank AB is made to rotate with a constant angular
velocity of 600 rpm clockwise with no force applied to the face
of the piston. Determine the forces exerted on the connecting rod
at B and D when 6 =180°. (Neglect the effect of the weight of
the rod.)

SOLUTION

Kinematics: Crank AB:

L a
@35 = 600 rpm| 2% | = 62.832 radss ) -
‘AB 60
A O./m —JB

ay = (AB)w; , = (0.1 m)(62.832 rad/s”)

a, =394.78 m/s> ~—

Also: vy = (AB)@,; = (0.1 m)(62.832 rad/s) = 6.2832 m/s |
Connecting rod BD: \@” 8
Velocity  Instantaneous center at D. 2 Y &
[ &
.28
W _ Vs _02832mfs oo an s L_ »
BD 0.25m
Acceleration:
2, . 2a Qg - Qg 4 (§reedd
g Smm—— IR wse—" — I & E:b
J ) 8 D g 4 B

Wap

a, =a,+a,, =[a, ~—|+[(BD)&}, — ]
a,, =[394.78 m/s* ~—]+[(0.25 m)(25.133 rad/s)* —~ |

a, =[397.78 m/s* ~—]+[157.92 m/s* ~—] = 236.86 m/s* ~—
ag, = %(ag +ap)= %(394.78 ~— +236.86~—)=315.82 m/s*~—

Kinetics of piston

e >
7] 7] e, = (.5 k) 238860/

= e

D=42635N~—
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PROBLEM 16.137 (Continued)
Force exerted on connecting rod at D is:
D =426.35—
Kinetics of connecting rod: (neglect weight)
D=424.35~ -
- /..f‘ ”ﬂ f'co
- A iF-'—g =)
D s o G 4
FSF =3X(F): B—D=mgpag,
B —426.34 N = (1.2 kg)(315.82 m/s?)
B=426.35N+378.48N
=805.33N
Forces exerted on connecting rod. B=805N-— <«
D=426 N— <«
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PROBLEM 16.138
Solve Problem 16.137 when 6 =90°.

PROBLEM 16.137 In the engine system shown /=250 mm and
b =100 mm. The connecting rod BD is assumed to be a 1.2-kg
uniform slender rod and is attached to the 1.8-kg piston P. During a
test of the system, crank AB is made to rotate with a constant angular
velocity of 600 rpm clockwise with no force applied to the face of the
piston. Determine the forces exerted on the connecting rod at B and D
when 6 =180°. (Neglect the effect of the weight of the rod.)

SOLUTION
Geometry: [=025m, b=0.1m, x=+vI>-b*>=0.2291m
ry, = (0.1 m)j, 1., =—(0.2291 m)i — (0.1 m)j
Kinematics: w,p =600 rev/min = 62.832 rad/s e
Velocity: ® . =—(62.832 rad/s)k - . T
Vg = Wyp XTp)y De P Aht
weicr

=—(62.832Kk) X (0.1i) T
=(6.2832 m/s)i | ) o |

Vp = Vg + @pp XTpp
vpi = 6.2832i + @y k X (—=0.2291i — 0.1j)
=6.2832i +0.1wg, j— 0.229 1w, i
Equating components gives
vy =6.2832 m/s, @y, =0.
Acceleration: O, =0, oOg,=azk ap=api
A, =0, XTIy, — @ 5T, =0—(62.832)%(0.1j) = —(394.78 m/s?)j
ap =g + 0y XTIy ~ Opplpyg
api =-394.78j+ o, gk x (-0.2291i - 0.1j) - 0
=-394.78j—0.2291cx 5 j+ 0.1cx ;i

Equate like components.

ji 0=-39478-02291a,; 0, =—1723 rad/s®
i ap=(0.1)(~1723)=-172.3 m/s*

o, =—(1723 rad/s* )k a, =—(172.3 m/s)i
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PROBLEM 16.138 (Continued)

Acceleration of mass center G of bar BD

o =%(0.2291i +0.1j)

=(0.11455 m)i + (0.05 m)j

ag =ap + 0l XX ~ Dpplgp
=—172.3i+ (-1723k)x (0.11455i 4+ 0.05j) - 0
=-172.31—197.34j+86.15i

=—(86.15 m/s*)i — (197.34 m/s?)j
Force on bar BD at P in B.

Use piston + bar BD as a free body

8 -
J 8, TeosNeo

M.

Mp@p

1]

N
e, —

N

mpa,, = (1.8)(—172.3i)
=—(310.14 N)i
mgpag = (1.2)(—86.15i —197.34j)
=—(103.38 N)i — (236.88 N)j

LopOlyp = 5(1.2)(0.25)2(—1723) =-10.769 N-m
FLSF =3(F, )y B, =mpap +(mgpag),
B, =-310.14-103.38 B, =-413.52N
+EM y =X(M )i — XNK = [0ty K + 1, 5 X (mpay,) + T 5 X (Mgpag)
—0.2291 Nk = —10.769Kk + (0.1)(=310.14)k + (=0.11455i — 0.05})
x(—103.38i — 236.38j)

=-10.769k —31.014k +27.038k —5.169k
N =86923N

+3F, =X(F,)y: N+ B, =(mgpag),
86.923+ B, =-236.88 B, =-323.80 N

B=+413.522 +323.80> =5252 N

tan/;:M [=38.1° B=525N."38.1° 4
413.52
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PROBLEM 16.138 (Continued)

Force exerted by bar BD as piston D.

i m
Use piston D as a free body XF =ZF,; - } 0%
D+ Nj=mpapi

Hv)

N
D =mpa,i— Nj
=—(310.14 N)i +(86.923 N)j
Force exerted by the piston on bar BD. By Newton’s third law,
D' =-D=(310.14 N)i — (86.923 N)j D' =322 N 15.7° 4
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A 6= PROBLEM 16.139
=

b/ S
3in. \ The 4-1b rod AB and the 6-1b rod BC are connected as shown to a disk
‘ Ql g \ that is made to rotate in a vertical plane at a constant angular velocity
9in. of 6 rad/s clockwise. For the position shown, determine the forces
\\ / exerted at A and B on rod AB.
C @ —_—
SOLUTION
Kinematics:
Velocity o,z =0
Vg =Va
=(0.25 ft)(6 rad/s)
=1.5 fu/s®

vy 1.5m/s?
a)BC = =
0.75 ft  0.75 ft

@, =2 rad/s )

Acceleration
(4]
T ¥ 5
&a
0,25 ft i
\ %8 |o.3360
l d ! red
AN ,‘fb" ?
—F
_/ l ak i
dof o 7%“ q o £y J 0'375&
- Rwdp A PNSe2F
& Bc o i‘ A
~,
0-5& l

a, =(0.25 ft)(6 rad/s)*
a, =9 fi/s?]
a, = (0.75 fO)(2 rad/s) =3 /s

e =(0.375 ft)(2 rad/s)’
dpe = 1.5 ft/s?
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PROBLEM 16.139 (Continued)

_ 1 1
aABza(aA+aB)=5(9+3) lv—-O-STt;—#l
a,, =6 fts] b5 e

ey 1< | -
a, =ag+(0.5 o, 9a e

9 ft/s* =3 ft/s> + (0.5 ft)or,

o =12 rad/s> )

L -1 , 1 41b )
Kinetics: lin=—m,,(AB)" =———(0.5 ft
- 412 a(AB) 12 32.2( )

T, =2.588x10°Ib-ft -s> bdn &
Rod BC: o = ‘;”-‘“
w .“ 2O
Since ag- =0, a=0 1‘ e 2e

XM.=0 yields B, =0
Rod AB:

3

w, =4 -!n
Bx bk 11 ad
—C [¢

AN 82500 | OZ5m- 18 I <]

HUSF =3(F,)y: A, =0

a3
&

—hf

8
>

FVEM =Z(M y)op: B, (0.5 1) =W,5(0.25 £6) = 5005 — a5 (0.25 ft)

0.5B, — (4 1b)(0.25 ft) = (2.588x 10 b - ft -s?)(12 rad/s)

416
— (6 £Us7)(0.25 ft
32.2( X )
0.5B, ~1=0.03106—0.1863
0.5B, =0.8447
B, =1.689 Ib B=16891b] «

+1ZF, =S(F))r: A, ~Wyp + B, =—mpayp

A, —41b+1.689 b =—12 (6 fus?)
: 32.2
A, =1.5651b A=15651b] <
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A [ 6in—] 4 PROBLEM 16.140
3in. ,r’/ \\ The 4-1b rod AB and the 6-1b rod BC are connected as shown to a disk
‘ p° . that is made to rotate in a vertical plane. Knowing that at the instant
\ / 9in. shown the disk has an angular acceleration of 18 rad/s® clockwise and
no angular velocity, determine the components of the forces exerted at

A and B on rod AB.

Cl9—
SOLUTION
Kinematics: Velocity of all elements = C
Acceleration:
a, =a, = (0.25 ft)(18 rad/s*) = 4.5 ft/s* —
o= _ 4.5 fi/s*
0.75ft 075 ft
Ope =6 rad/s’ )
A, = (0.375 ft)(6 rad/s*) = 2.25 ft/s* —
a,,=a,=a, =45 ft/s’— A & R
Kinetics: Iy =$mBC(BC)2 =$%(0.75 ft)?
Rod BC: I,e =8.734x107° b - ft -

.Bydig! 8

| j“ 53(
0.75° (¢ | ¢ = ( “Tac Zae
Wae 0.3 (¢
a A

F)IM, =I(M )op: B(0.75 £0) = Ty Olye + Mo (0.375 ft)

0.75B, = (8.734x107*Ib- ft - s*)(6 rad/s”)

+[ 810205 fs2)0.375 f1)
322
0.75B, =0.0524 +0.1572
B, =0.2795 Ib

(onAB) B, =0.2801b~—
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PROBLEM 16.140 (Continued)

Rod AB:

A, 61‘f¢ s Ban

=+, LF, =3(F et A, =B, =mypay

A, —0.27951b= (ﬂj (4.5 ft/s?)
32.2
A, —0.2795 1b=0.5590 Ib
A, =0.83851b A, =08391b—

M, B,=21b]
My A, =21b]

y 286/
0829 y ] 2
z f 8
28 2% <
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PROBLEM 16.141

Two rotating rods in the vertical plane are connected by a slider
block P of negligible mass. The rod attached at A has a weight of
1.6 Ib and a length of 8 in. Rod BP weighs 2 1b and is 10 in. long
and the friction between block P and AF is negligible. The motion
of the system is controlled by a couple M applied to rod BP.
Knowing that rod BP has a constant angular velocity of 20 rad/s
clockwise, determine (a) the couple M, (b) the components of the
force exerted on AE by block P.

SOLUTION

Unit vectors: i=1—, jle, k =1‘>.

Geometry: Tpia = _(% sin30° ftjj
Tpp = —(%cos 30° ftji - [%sin 30° ftjj
Tpia z_(% ft]j

Kinematics: 0 zp =—(20 rad/s)k, oz, =0

Velocity analysis.
Rod BP: Vp =0pgp XTpp
=-20k X —Qcos 30° — &sin 30°j
12 12
=—(8.3333 ft/s)i + (14.4338 ft/s)j

Rod AE: Use a frame of reference rotating with angular velocity ® ,, = @w,.k. The collar P slides on the rod
with relative velocity v, = uj

Vp=Vp +Vpup =@, XTpy +Uj
:wAEkx[—%sinZiO"j]+uj=0.41667 o, i+ uj

Equate the two expressions for vp and resolve into components.

i —8.3333=0.41667 w,, o, =—20 rad/s
J 144388=u u=14.4338 ft/s
Acceleration analysis.
Rod BP: Ap = Oyp XTpp — Waplpp

=0-(20)* —&cos 30°i —Qsm 30°j
12 12

=(288.68 ft/s?)i+ (166.67 ft/s®)j
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PROBLEM 16.141 (Continued)
Rod AE: o, =0a,.k, Ap g = U]
ap =ap +ap,p +20X Ve,
where Ap = 0, X Ty — Wy p
10 . . o 10 . .
=,k x| ——sin30°j |- (20)" | ——sin30°
AE ( B J) ( )[ D .]j
=0.416670, i + (166.67 ft/s*)j

and 20,5 XV p 0 = (2)(20k) x (14.4338 j)
=577.35 ft/s%i

Equate the two expressions for a, and resolve into components.

ir 288.68=0.41667c,, +577.35

o, =—692.8 rad/s

Summary: 0z =—(20 rad/s)k, @4, =—(20 rad/s)k
0y =0, @, =—(692.8 rad/s* )k
Masses and moments of inertia.

W, 161b

My = = =0.049689 1b - s°/ft
BT e300 fiys?
w
Myp =—2L = 21b -=0.062112 1b-s*/ft
g 32.2fts
T =m, P2 =i(o.o49689 Ib - s%/ft) 8 & 2=1.8403><10‘3 Ib-s? - ft
AE 12 AE*AE 12 12
T =L 12 —i(00621121b-s2/ft) 10 ft 2—3 5944x1072 1b-s? - ft
BP 12 BP*BP 12 . 12 .

Mass centers: Let Point G be the mass center of rod AE and Point H be that of rod BP.

4
r., =—| — ft|j
GIA (12 ]J
10 10
r,,, =—| —cos30°ft |[i—| —sin30° ft |j
H /B (12 ) (12 ]J

Acceleration of mass centers.

A =0, p XXy — wfxErG/A
=(—692.8k)x(—0.33333j) — (20)2 (—0.33333j) =—(230.93 ft/Sz)i +(133.33 ft/Sz)j

_ 2
Ay =0pp XTpyp — Wpply p

=0-(20)*(-0.72169i — 0.41667j) = (288.68 ft/s*)i + (166.67 ft/s*)
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PROBLEM 16.141 (Continued)

Effective forces at mass centers.

Rod AE: m,pa; = (0.049689)(-230.93i +133.33j) =—(11.475 Ib)i + (6.625 1b) j

Rod BP: mypa,, =(0.062112)(288.681 +166.67j) = (17.930 1b)i + (10.352 1b) j
Effective couples at mass centers.

Rod AE: 1,0, =(1.8403x107)(-692.8k) = —(1.2750 Ib - ft) k

Rod BP: Tgp0zp =0 A
Kinetics. 6.625 4%,

_ o sl
RodAE: XM, =X(M )i Tpjy X(—Pi) =15,y X(mypa5) + 1,50, -—
5 4 \. 2750 fb-Tt
——j |X(=Pi)=| ——j |x(-11.475i +16.625j) —1.2750k
12 12 E
—%Pk =-3.8249k —-1.2750k P=12.2401b
Rod BP: XM, =X(My).;. TppXPi+1,,X(—Wepj)+ MK =1, X (mgpay, )+ pp0p
S pic+] 299539 62 bk + MK
12 12
=(—0.36084i — 0.20833j) x (17.930i +10.352j) + 0
- 10. 352 {b ®
H
17.930 2k
P
5.1k +0.72169k + Mk = -3.7354k +3.7354k
M =-5821b-ft

(@) Couple M. M=5821b-ft ) 4
(b) Force exerted on AE by block P. P=12241b-— <4
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PROBLEM 16.142

Two rotating rods in the vertical plane are connected by a slider
block P of negligible mass. The rod attached at A has a mass of 0.8 kg
and a length of 160 mm. Rod BP has a mass of 1 kg and is 200 mm
long and the friction between block P and AFE is negligible. The
motion of the system is controlled by a couple M applied to bar AE.
Knowing that at the instant shown rod BP has an angular velocity of
20 rad/s clockwise and an angular acceleration of 80 rad/s” clockwise,
determine (a) the couple M, (b) the components of the force exerted
on AE by block P.

SOLUTION

Geometry: Iy, = (0.200 m)sin30° |=0.100 m |
rpp =0.200 m»~ 30°
r,, =0.160m |

Kinematics: ®zp =20 rad/s )

oz, =80 rad/sz)

Velocity analysis.

Rod BP: Vp =g XTp = (20 rad/s) - (0.200 m) ™ 60° = 4 m/s ™ 60°
Rod AE: Use a frame of reference rotating with angular velocity ®,, =@, ‘> The collar slides on the rod
with relative velocity v, . =u T ‘\
VPZVP'+VP/AE:a)AEer/A+uT 30° U?: TRWA
=0.100 @, +u| B

Equate the two expressions for v, using a triangle construction for vector addition.
-0.100@,; = 4c0s60° €o°
®,; =20 tad/s ®,, =20 rad/s ) = 0.100 Wy

w=4sin60°=3461m/s v, =3.4641 m/s |
Acceleration analysis. Ogp = Opp ‘>
Rod BP: ap =Upzp XTpp —wﬁPrP,B
=[(80 rad/s*)(0.200 m) ™ 60°]+[(20 rad/s)*(0.200 m) - 30°]

=[16 m/s* > 60°]+[80 m/s> < 30°]
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PROBLEM 16.142 (Continued)

Rod AE: Gap = Cug )y Appap =i |
Op =8p +ap, + 20,4, XVpup

- 2
where Ap =0 yp XTpjy = Wy Xpy

=[(0.100 m)ez,; —= 1+ [(20 rad/s*)(0.100 m) ]

=[0.1000,, — 1+[40 m/s* ]
and 20 45 X Vpar =[(2)(20 rad/s)(3.4641 m/s) — ] =138.564 m/s*—
Equate the two expressions for a, and resolve into components.

—:—(16 m/s*)cos 60° + (80 m/s*) cos 30°
=0.100c,, +138.564 m/s’
o,y =—772.82 rad/s’ @, =772.82 rad/s® )
Masses, weights, and moments of inertia.
m,; =0.8kg W,, =m,,g=(0.8kg)9.81 m/s’)=7.848 N

mgp =1.0kg Wy =mypg = (1.0 kg)(9.81 m/s>)=9.81 N
1

Iy = EmAEle = é(o.g kg)(0.16 m)* =1.70667 %10~ kg - m*
Iyp = émeng :%(1.0 kg)(0.20 m)* =3.3333x10"° kg -m”’

Mass centers: Let Point G be the mass center of rod AE and Point H be that of rod BP.
r;,,=008m| 1, =0.10m> 30°

Accelerations of mass centers.
g =0y, XTg0 — O3l
= (772.82 rad/s*)(0.08 m) ~—+ (20 rad/s>)(0.08 m) |
=[61.826 m/s> ~—1+[32 m/s’ | ]
Ay = 0gp XXy 0 — W3plyy
=[(80 rad/s*)(0.10 m) ™ 60°]+[(20 rad/s)*(0.10 m) = 30°]

=[8 m/s> ™ 60°]+[40 m/s? < 30°]
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PROBLEM 16.142 (Continued)

Effective forces at mass centers.

Rod AE: mypa; =[49.460 N ~—]+[25.6 NT]
Rod BP: mppay =[8 NI 60°]+[40 N £730°]
Effective couples at mass centers.
_ A
Rod AE: T, =1.3189N-m ) ’
_ A,
Rod BP: Typtpr =0.2667 N-m ) 25.6 W
Kinetics: 7,848N 4q.4cO0N
RodAE; +)IM,=Z(M )i ~0.10P=~(0.08)(49.460)~1.3189 = 1.3189 Nem
P=5275TN
Rod BP:  )IMy =E(My)e: (52.757 N)(O.1 m)+(9.81 N)(0.086603 m)+ M
=—(8 N)(0.1 m)—0.2667 N-m
M =7.1919 N-m
P
(@) Couple M. M =7.19N~m)<
(b) Force exerted on AE by force by block P. P=528N~—— <
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PROBLEM 16.143*

Two disks, each of mass m and radius r are connected as shown by a continuous
chain belt of negligible mass. If a pin at Point C of the chain belt is suddenly
removed, determine (a) the angular acceleration of each disk, (b) the tension in the
left-hand portion of the belt, (c) the acceleration of the center of disk B.

SOLUTION

Kinematics: Assume ocA‘> and ocB) D . £\
w, =wy =0 Yot a
a, =ra, |
aEzaDzraAi £ ﬁg
ag =a; tag =(ra, +rag) Lo

a; =r(o, +a3)i

Kinetics: Disk A: +‘> M, =X(M ) Tr=Ia,

1,
Tr=—mr-o
) A

2T

o, =" (1)
mr

-
B - r
Disk B: ) IMy =S(Mp)yy: Tr=1Ia, £ B\ =
1 ‘l]_ﬁ_l:’»rg
2

Tr=—mr oy -
2 ) 72y
2T

Opg =— (2)
mr
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PROBLEM 16.143* (Continued)

From Eqgs. (1) and (2) we note that o, = ¢

)IM, =X(My)y: Wr=10y+(may)r

1
Wr = EmrzaB +mr(o, +og)r

o, =y WrzgmrzaA aA=§§ ") <
r
2g
a,=—= ) <4
28 )
Substitute for ¢, into (1): %E:Z—T T=-—mg 4
r mr
ag =r(0, +0g)
=rCa,)
2g 4
— =5 a, =—— 4
(5 rj B Sgi
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PROBLEM 16.144*

A r
I & A uniform slender bar AB of mass m is suspended as shown from a uniform
disk of the same mass m. Neglecting the effect of friction, determine the
accelerations of Points A and B immediately after a horizontal force P has
been applied at B.
L
O =& L
BT
SOLUTION
Kinematics: w=0
Cylinder: Rolling without sliding ~ (a.), =0

Fra,=(a.), +a,,=0+ra,

a, =ro, —

a,="4)
A fa—= Za r
L
z G & i’aAZEaAB_aAB
—AB & L
« 1T |+
B A N

)IM =M )y Ar=ma,r+la,

Ar :maAr+%mr2 (a—Aj

Kinetics:
Cylinder:
r
3
A =—ma
‘ i i
3 L
, A =—m|—0o,; —a 1
NYE x 2(2 AB AB] (D
Rod AB
ﬂf A a L -
—— (1 & T)IM, =X(M )5 PL=myy—+Taty,
Ly -
< W m ‘Zg(na
< Za8
L <5 PL:maAB§+%L2aAB (2)
7%
e s L SF =3X(F)y: P+A =may
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PROBLEM 16.144* (Continued)

Substitute from (1):

5 _ 3
PZE’”GAB_Z’"L“AB 3)
. L 1 5L _ 1 2
Multiply by —: —PL= m -——ml«o 4
ply by o 5 TR D 4B “)
10 1 5 _ 7 _
)+ (2): —PL=|—+— |mLa,, =—mLa
B+ 9 [2 18) AB g AR
_ 10 P
aAB:7;<_ (%)
5 (10P) 3
5—@ P==m| —— |-=mL
®)—3) 2 (7 m] 4B
Png——mLaAB
18 3 24 P
7 4 M A8 mL‘>
L _
. aAZEaAB_aAB
_Lf2apP) 10P
207 mL 7T m
A
- (T a, = 12 1007 aAzzﬁ—»<
Iy r 2, 7 T )m 7m
4
= /—"\ + . _= —
273 “As ~—! ag 2aAB+aAB
&
Y _L(2P) 10p
ag 207 mL 7 m
S Llee—
8 12 10\P 2P
aB: —_—t— — aB:——<—<
7 7 )m 7 m
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PROBLEM 16.145

A uniform rod AB, of mass 15 kg and length 1 m, is attached to the 20-kg
cart C. Neglecting friction, determine immediately after the system has been
released from rest, (@) the acceleration of the cart, (b) the angular acceleration
of the rod.

SOLUTION

Kinematics: We resolve the acceleration of G into the acceleration of the cart and the acceleration of G
relative to A:

ap =as =a, tag,

o
ap =ac tagy % ‘g S Z-G
a e <§ 25°
where Aga = ELO! “e/A L gc
o B
Kinetics: Cart and rod
1
g = E(l)a =0.5x
N ZF, =2(F )yt (me +my)gsin25° = (mg +my)ac —myag,, cos 25°
m
gsin25°=a. - [—gj[éa)cos 25°
me+my )\ 2
a- =(9.81)sin 25°+ 15 (0.5c0s25%)
c 20+15)
ac =(9.81)sin25°+0.19421c e))
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PROBLEM 16.145 (Continued)

Rod
AJ
A4 Ao —,
-2 i iL: OASM
—_ M &, Zs’L
B AN

- L L
+)IM, =X(M )yr: O=Tor+ ()~ = (mpac 005 25°)—

%15(1)20{ +15(0.5)(0.5) — (15a, c0s25°)(0.5) =0

1.250+3.75a - (7.5¢c0s 25%)a. =0
o =(1.50c0s25%a 2)

(a)  Acceleration of the cart.

Substitute for ¢ from (2) into (1):

ac =(9.81)sin25°+0.19421(1.5cos 25°)a,-

. 9.81sin25°
€ 1-0.19421(1.5c05 25°)
=5.6331 m/s’ a. =5.63m/s*> K 25° 4
(b)  Angular acceleration.
From (2): o = (1.50c0s 25°)(5.6331)
=7.6580 rad/s> 00 =7.66 rad/s> ) 4
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PROBLEM 16.146*

HZF, = 5(F))r: mapg —B=m,za

1 L
myp8& _Emc’"ac =Myp (rac +50’A3j

L 1 m,

=—0yp+| — +1
8 5 B

Mmyp

rog

| 250 mm
o The 5-kg slender rod AB is pin-connected to an 8-kg
A@ uniform disk as shown. Immediately after the system
is released from rest, determine the acceleration of
(a) Point A, (b) Point B.
SOLUTION
. . ) «
Kinematics: w=0 a '
| =0 A~ Yag
ap =1l AC z r)
- VL
i a=a;+ag, 3 L/ (<]
_ L
a =(r0(c +ECZABJi
Kinetics: Disk +‘> M, =%(M.)y: Br=Ica, c.¢
Br= %mc rzac -
£
B=—m_,re, i
5 Ml
Rod AB:
Yhs 7e? Mg &
A v B A [/ t&
( = C |x —
G r“
NPV I
L —
DVIM G = 5(M ) B =Tayy,
1 L
[Emcracjg =—mABL20(AB
1m L
o =——4% AB ey
3me r
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Eq. (1):

Eq. (2):

(b)  Acceleration of B.

(@)  Acceleration of A.

PROBLEM 16.146* (Continued)

Oy =—">"———- 2)

mus =5kg, m.=8kg, r=01m, L=025m

2
=08 L e rad/s® ")
025m 43k
8 kg
o =22 X8 OB ) 046 radss?) = 23.357 rad/s®")
38kg O0.Im
ag = I"O(C
= (0.1 m)(23.357 rad/s?)
=2.336 m/s> a, =234 m/s’, 4
tla,=a,+a
i AT adp Tap)y i A o}(“ G
a,=a,+[Ld,,] X
A B AB f‘ | L% 93
a, =2.336 m/s’ WS : LN
>
+(0.25 m)(44.846 rad/s®)

a, =2.336+11.212 a, =13.55 m/s>| 4
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PROBLEM 16.147*

The 6-1b cylinder B and the 4-1b wedge A are held at rest in the position
shown by cord C. Assuming that the cylinder rolls without sliding on
the wedge and neglecting friction between the wedge and the ground,
determine, immediately after cord C has been cut, (a) the acceleration
of the wedge, (b) the angular acceleration of the cylinder.

(IR

SOLUTION
Kinematics: We resolve a, into a, and a component parallel to the incline

ap=a, +ag,

Where ag, =re, since the cylinder rolls on wedge A. - )
~ \/ \0\ ——

g, = (0.25 f)er

Kinetics: Cylinder and wedge

L BF =3(F) g 0=mya, +mya, —mpag, cos20°

0= @+6)lb a, — 61b [%ft]acosZO"

A
8 8

a, =(0.15co0s 20°) ey

Cylinder
26" Ny Wy = b6

0,257
~ M3 2n
&

£ v P,
I =1Er2 =l@(0.25 ft)?
2 g 2 g
7=
16g
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(b)

(@)

PROBLEM 16.147* (Continued)

Angular acceleration of the cylinder.

D)EM ; =E(M )y (6 16)5in20°(0.25 ft) = T+ myag,, (0.25 ft) — mya,, cos 20°(0.25 fo)

1.55in20° = 3 o+ 6 H; (0.25¢)(0.25)

16(32.2) 32

6 H; a, c0s20°(0.25)

0.51303=0.00582c +0.01165¢ — 0.04378a,,

Substitute from (1): 0.51303=0.01747ca —0.04378(0.15 cos 20°)cx
0.51303=(0.01747-0.00617)cx

a =45.41 rad/s? 0 =45.4 rad/s> ) 4

Acceleration of the wedge.

Eq. (1): a, =(0.15c0s 20°%)x
=(0.15¢0s20°)(45.41)

a, =6.401 fs® a, =6.40 ft/s’— <«
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PROBLEM 16.148*

The 6-1b cylinder B and the 4-1b wedge A are held at rest in the
position shown by cord C. Assuming that the cylinder rolls
without sliding on the wedge and neglecting friction between the
wedge and the ground, determine, immediately after cord C has
been cut, (a) the acceleration of the wedge, (b) the angular
acceleration of the cylinder.

SOLUTION
Kinematics: We resolve a, into a, and a horizontal component ag,
g =a, +ag,

Where a,, =ra, since the cylinder B rolls on wedge A.

g, = (0.25 f)er

Kinetics: Cylinder and wedge:

N ZF, =2(F,) s (W, +Wg)sin20° = (m, +my)a, —mgag, cos20°
(10 Ib)sin 20° = (2] a, — [EJ (0.25¢¢) cos 20°
8 8

a, = gsin20°+ % (0.25)cos20°cx

a, = gsin20°+0.15 cos 20°¢ (1)
Cylinder: VEIM =X(Mp) s O=Ta+(myag,)(0.25 ft) - (mya, cos 20°)(0.25 ft)
161b 1b
0= —6—(0.25 ft)? o + 6—(0.25a)(0.25)
2 g g
—@aA c0s20°(0.25)
g
0= l[0.18750: +0.325a —1.4095a,, ]
g
0=0.56250 —1.4095a,
a=2.506a, )
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PROBLEM 16.148* (Continued)

(a)  Acceleration of the wedge.

Substitute for ¢ from (2) into (1):

a, = gsin20°+0.15c0s 20°(2.506a, )
a, =11.013+0.3532q,
(1-0.3532)a, =11.013

a, =17.027 fus* a, =17.03 ft/s* < 20° 4
(b)  Angular acceleration of the cylinder.
Eq. (2): o =2.506a,
=2.506(17.027)
o =42.7 rad/s? 0 =42.7 rad/s? ) 4
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PROBLEM 16.149*

A@)—
Each of the 3-kg bars AB and BC is of length L = 500 mm. A horizontal force P of
L magnitude 20 N is applied to bar BC as shown. Knowing that b = L (P is applied at C),
5 determine the angular acceleration each bar.
T @
b
L L
l)
cd—-
SOLUTION
Kinematics: Assume o 4, ‘> (xBC‘> and @, = Wp- =0
-,
4
L/z s qAB
1 — L
_F- T a = 'z—aAB
L/z g
S B> 8 =Llagy
L N /9-(& I )
~f— ||/ agc =ay + Eaﬂc =La,,, + ELaec
4
Kinetics: Bar BC
818 B
.f ?x Lz
L 6l = |t
ﬁ C &

P
- _ L
)EM =S(Mp)ey: PL=Totge + (matye)
m _» L L
=—L0oy-+m| Lo,z +—0p |—
12 BC ( AB 9 BC)Z

PzémLaAB+%mLch (1)

HUSF =3(F,)y: P—B, =mig,

P-B, =m[L0(AB +%Lagcj 2)
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Bar AB:

PROBLEM 16.149* (Continued)

Al Ay
Te:‘
L G'Aa W G
| g,

By ¥®

- |

8 1
AB 4 oy
—)-/MG-LAB
lesc.
2

- _ L
)VEM , =S(M )y BL=10p +(md,, >

Add (2) and (3):

Subtract (1) from (4)

Substitute for o/ in (1):

Eq. (5)

Data:

m _» L L
=—Loa,,+ml —o,, |—
" Lot S |

X

1
B =—mLo
3 AB
4 1
P=—mlLo,, +—mLo
3 a8 T BC

5 1
O==—mlLoa,, + —mLox
6 AT BC
Oge =—50p
1 1 7
P =5mL0(AB +§mL(—50(AB) = —gmLaAB

6 P

7 mL

App =

o —_5 _Ei o —ﬁi
be 7 mL BC 7 mL
L=500mm=05m, m=3kg, P=20N
6 P 6 20N
Opp =~ =—z
7 mL 7 (3 kg)(0.5 m)
=—11.249 rad/s®

, .30 P _30 20N
BC 7 mL 7 (3kg)(0.5m)
=57.143 rad/s’

3

“)

&)

(6)

(7

0, =11.43 rad/s® )

Olpe =57.11adls? ) <
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PROBLEM 16.150*

A@)—
Each of the 3-kg bars AB and BC is of length L =500 mm. A horizontal force P of
L magnitude 20 N is applied to bar BC. For the position shown, determine (a) the
distance b for which the bars move as if they formed a single rigid body, (b) the
T Bia corresponding angular acceleration of the bars.
b
L L
l)
cYU——-
SOLUTION
Kinematics: We choose o=, = OKBC‘>
s\
———
Ly A
—— —— EAB = %a
Lz
—_— Ve l—— 33 = La
L/z 3
_.‘P___ - age = EL(I
Li

t

Kinetics: Bars AB and BC (acting as rigid body)

—T_'q”rfﬁ.."‘y T_ A
L
L*/'b 1‘! - _f_ 0”,1&88
£4
e
P ll Lv L 'Z;'icc—-
- ’ 3
& <
Mypc =2m

VEM =M y)op: P(L+D) =T o0+ mypeapl

P(L+b)==ml*a+ (2m)(La)L

ml*o (D

2
3
8
P(L+b)=—
( ) 3
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PROBLEM 16.150* (Continued)
Bar BC:
B [ By B
=
c -
J‘ l - - W?@a
P——* v ZAs,
= | J
¢ c
- _ L
VEM =S(Mp)r: Pb=Tpe0r+(mage >
=" Po+m iLoc L
12 2 2
5
Pb=—mL«
6
6 Pb
o=——- 2
5 mI? @
Substitute for ¢ into (1): P(L+b)=Smr? (EP—I’Z)
3 5 mL
PL+Pb:?Pb
L:[E—ljbzﬂb
5 5
b=>1
11
6 P (5 6 P
Eq. (2 a=——| =L o=——
e SmLz(ll J 1 mL
Data: L=500 mm=0.5m
m=3kg
P=20N
5 5
() bzﬁL=H(0.5)=0.22727 m b=227 mm <
(b) g=8P 6 Q0N _5o0r7 s @ =727 radls’ ) 4
11mL 113 kg)(0.5m)
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PROBLEM 16.151*

(a) Determine the magnitude and the location of the maximum bending moment in the rod of Problem 16.78.
(b) Show that the answer to Part a is independent of the weight of the rod.

SOLUTION
&_ ﬂ e. A
L b et —
Rod AB: a=—uo
2 [ N &
L L= =
+)SM , =%(M ). PL=(ma)=+1« -
) A (M ) g ( )2 —L IS
4
= mla £+imL205 8 6
2 )2 12
3P
(X—E) (1)
FL3F =X(F,)y: A —P=-ma
A)C=P—m£Ot=P—m£ 3P =—£ Ax=1P<—
2 2\ mL 2 2
Portion AJ of Rod:

External forces: A,, W,,, axial force F, shear V,, and bending moment M,.

Effective forces: Since acceleration at any point is proportional to distance from A, effective forces are
linearly distributed. Since mass per unit length is m/L, at Point J we find

(%jaj =%(xa)

m m( 3P
Using (1): zajzz nL
m_ _ 3Px
L’
1(3Px\( 2x
+ )M, =X(M C M, —Ax=——| —= || =
) J ( J)eff J X 2( L2 j(?)j
1 1P ,
MJ —EPX—EFX (2)
For M, : M., =£—§P 2.0

—X
dc 2 2712

=5 3)
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PROBLEM 16.151* (Continued)

Substituting into (2)

oy LPL_1P(LY _12(3)
J /max 2 \/5 ) Lz \/g 2 \/5 3
PL
(M )max =
! 33 “4)
Note: Egs. (3) and (4) are independent of W.
Data: L=36in, P=151b
L _36In. 5078,

Eq. (3): x= ﬁ 5

(1.51b)(36 in.)
. M =
Eq (4) ( J )mdx 3\/3

=10.3921b-in.

M, =10.391b-in. located 20.8 in. below A <
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PROBLEM 16.152*

Draw the shear and bending-moment diagrams for the beam of Problem 16.84 immediately after the cable
at B breaks.

SOLUTION
From answers to Problem 16.84: . 1 a‘? N J B
4A_J
ap==g| A=—mgl ol 1
2 4 ol \m
We now find ~ ~ g
_9 ) _3¢8 L _.l
¢ L ‘> 2L‘>
a, =va=25x

Portion AJ of rod:
External forces: Reaction A, distributed load per unit length mg/L, shear V,, bending moment M .

Effective forces: Since a is proportional to x, the effective forces are linearly distributed. The effective force
per unit length at J is:
m m 3g  3mg

Y L e
ﬁ:l"—’-“
=3 x f‘é”./ le— % —"lJ
A 1) = °
LLTPRTTUL, Al ] Jams
20 =% By 2

. mg mg 1(3mg
+ley ZZ(Fy)eff‘ TX—T'i'VJ :E( 2L2 XJX

mg mg 3 mg 2

—_—— Xt ——

T4 LT 4
mg \x mg 1( 3mg X
+‘>2MJ ZE(MJ)CHI (TX]E—TX'FMJ :E( YD )C)X(g)

yo=mg. . 1mg » 1mg ;

Ty 2 L 412

dv mg 3 mg 2
Find V. : Lo T8O im0, x=ZL
" L 21 3

2
y _mg _mg(2,) 3mgf2,) . __ms
4 L\3 4
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PROBLEM 16.152* (Continued)

mg_mg  3mg > _,

Find M, wh V,=0: V, =
m where 7 J 4 I 4 L

3x> —4Lx+ 12 =0

Bx—-L)Y(x-L)=0 xzé and x=L

2 3
m, =me(L) LmgfLy 1fmg )L} _msL
4\3) 2 L\3 4\ L )\ 3 27
ms,; _ lmng lmgL% 0

MHI!H
47 2L 4

W
N |

M| L3 | 72
|
ot |- -
z?
L

at g fromA <

max
27
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PROBLEM 16.153

A cyclist is riding a bicycle at a speed of 20 mph on a horizontal road. The distance between the axles is
42 in., and the mass center of the cyclist and the bicycle is located 26 in. behind the front axle and 40 in.
above the ground. If the cyclist applies the brakes only on the front wheel, determine the shortest distance in
which he can stop without being thrown over the front wheel.

SOLUTION
v, =20 mph
(-
—
HYom T)
i ( ) &a
M [?6"»'[" -

’920'&,_‘{

When cyclist is about to be thrown over the front wheel, N, =0

)EM =S(Mp)yr: mg(26in.) = ma(40in.)

a= % g= %(32.2 ft/s*) = 20.93 ft/s*
Uniformly accelerated motion:
v, = 20 mph = 29.333 ft/s
vi—vi =2as: 0—(29.333 ft/s)* =2(~20.93 ft/s*)s
s =20.555 ft 5=20.6ft 4
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PROBLEM 16.154

The forklift truck shown weighs 2250 1b and is used to
lift a crate of weight W =2500 Ib. The truck is moving
to the left at a speed of 10 ft/s when the brakes are
applied on all four wheels. Knowing that the coefficient
of static friction between the crate and the fork lift is
0.30, determine the smallest distance in which the truck
can be brought to a stop if the crate is not to slide and if
‘ J the truck is not to tip forward.

31t

3t ! 4ft

SOLUTION

Assume crate does not slide and that tipping impends about A. (B =0)

D)EM , = 5(M )i
(2500 1b)(3 ft) — (2250 1b)(4 ft) = —(25003}4 ft) —[22503] 3 ft)
g g

7500 —9000 = —(10,000 + 6750)£
8

£-0.09  a=009(32.2 ft/s?) a=12.884 ft/s> —
g

Uniformly accelerated motion

vi=vg +2ax; 0=(10 ft/s)” —2(2.884 ft/s*)x x=17.34 ft <4

Check whether crate slides

N=W
! v me R
’ - | F=ma= P a
F 1y B _F _a_2884fus’

TN g 322 fi/s?

Hreq = 0.09 <0.30. The crate does not slide. 4
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PROBLEM 16.155

> A 5-kg uniform disk is attached to the 3-kg uniform rod BC by
means of a frictionless pin AB. An elastic cord is wound around
the edge of the disk and is attached to a ring at E. Both ring E and
150 mm C rod BC can rotate freely about the vertical shaft. Knowing that the
system is released from rest when the tension in the elastic cord is
15 N, determine (a) the angular acceleration of the disk, (b) the
acceleration of the center of the disk.

SOLUTION
(@)  Angular acceleration of the disk. ’iu
= K e
Disk: Too =i 2= (5 kg)(0.075 m)> ’&3‘ pre
. disk — 2 disk 152
T=ISN
Iy =14.06x107 kg - m?
DVIM , =Z(M )or: (15 N)(0.075 N) = Ty Ui
1.125 N -m = (14.06x10° kg - m*)ct,
. =80.0 rad/s Oy =80.0 rad/s” ) <

(b)  Acceleration of center of disk.

Entire assembly

Lo =%mBC (BC)? :%(3 kg)(0.15m)* =5.625x10" kg - m*

Vorse Sa

\ mle(.g‘l

Sx ‘ T m}( &
9 a_ée' " 9

> c

r TocSFose

.S ety 75- eidod

(s

T
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PROBLEM 16.155 (Continued)

Assume Ope is ) a, =(0.15 m)aBCT
a = (0.075 m)ay,
VEIMe =M 0= Ly Oyige — Mg (0.15 M) = mpe@(0.075 m) — T pe e
0= (14.06x10" kg - m*)(80 rad/s*) — (5 kg)(0.15 m)* ez,
— (3kg)(0.075 m)* ey — (5.625x10° kg - m* )y,
0=1.125-0.112505 —16.875x107 0z~ —5.625x 10 ez,

0=1.125-0.1350,

Olpe = +8.333 rad/s’ o =8.33 rad/sz)
a, =(AC)ape = (0.15m)(8.333 rad/s”)

a, =+1.25 m/s> a, =1.250m/s’| <

Note: Answers can also be written:

Oy = (80rad/s?)j  a, =—(1.25m/s?)i
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PROBLEM 16.156

Identical cylinders of mass m and radius r are pushed by a series of moving arms. Assuming the coefficient of
friction between all surfaces to be 4 <1 and denoting by a the magnitude of the acceleration of the arms,
derive an expression for (a) the maximum allowable value of a if each cylinder is to roll without sliding,
(b) the minimum allowable value of a if each cylinder is to move to the right without rotating.

a

_‘>

e e o @

SOLUTION

(a)  Cylinder rolls without sliding a =ra or o = a

r

P is horizontal component of force that the arm exerts on cylinder.

t)IM, =M )r: Pr—(4P)r=1la+mayr

1 ,fa _
P(l—wyr=—mr"| — |+ (ma)r
(1-mr=> [r] (ma) )
3 ma
== (1)
2(-p)
+ 2F, =0: N — P —mg =0 )
F.3F, =35(F,) " P—uN =ma 3)
Solve (2) for N and substitute for N into (3).
P—ﬂzP—ﬂmg =ma
Substitute P from (1): A=) g =ma
2 (-4
30+ wa—-2ug =2a 5
a(l+3u)—2ug =0 a=—* 8
1+3u
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PROBLEM 16.156 (Continued)

(b)  Cylinder translates: a=0
Sliding occurs at A: A, =uN s
Assume sliding impends at B: B, =upP
T)IM , =X(M )5 Pr—uPr = (ma)r
PA-wyr=mar
p_ma @)
1-u
F EF =3(F ) P—uN =ma (5)
+ IF, =%(F,)y: N-uP-mg=0 (6)
Solve (5) for N and substitute for N into (6).
P—P,Ll2 —pMmg =ma
Substitute for P from (4):
ma _
(1-u*)— umg = ma
1-p
a(l+u)-ug=a
ap—pug=0 a=g 4
2u .
Summary: a< g: Rolling
1+3u

g <a < g: Rotating and sliding
1+3u

a > g: Translation
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PROBLEM 16.157
The uniform rod AB of weight W is released from rest when J=70°.
Assuming that the friction force between end A and the surface is large
enough to prevent sliding, determine immediately after release (a) the
angular acceleration of the rod, (b) the normal reaction at A, (c) the
friction force at A.
SOLUTION
8
We note that rod rotates about A. @=0 Fol
-1, &
I =—mL e
12
_ L
a=—u
2
T)IM, =X(M )yr: Mg G cos B |=Tar+ (ma)é
lmchosﬁ =imL20(+ m£a L
2 12 2 )2
= 1 mL* o
3
o= 3 gcosf 0
2 L
FLSF =3(F, ) F, =masin f
L . L(3gcosf) .
Fy=m—asmp=m—|— sin
) A 2 (2 L j A
3 .
F, =ngs1n,3c0sﬂ 2)
_ L
+T IF, = X(F) o N, —mg =-ma cosﬁz—m(;a]cosﬂ
L(3 gcosf
N, —mg =—m—| —=——— |cos
A 8 5 (2 I j B
3)
3 2
N, =mg (1 - ZCOS ,Bj
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PROBLEM 16.157 (Continued)

For =70
3 gcos70°
a) Eq.(1): o=—"—
(@ Eq.(1) 5T
3 2
(b) Eq.(Q3): N, =mg I_ZCOS 70°
3 .
(¢) Eq.(2) F, =ng sin 70°cos 70°

= g
0=0513 )<
N, =0.912mg | <

F, =0.241mg — 4
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5 PROBLEM 16.158

The uniform rod AB of weight W is released from rest when [ =70°.
L Assuming that the friction force is zero between end A and the surface,

determine immediately after release (a) the angular acceleration of the

rod, (b) the acceleration of the mass center of the rod, (c) the reaction at A.

SOLUTION

FLSF =3(F, ) o a=ma, a, =0

B L
a,=a, +Ea\| Y]

i‘/‘\ .B +i0=ay—§0{cos,8

A7,
A L
ay=5(){cosﬂ'lv
+EF, =3(F, ) A=md, =m| L
v = 2(F) e mg—A=ma,=m Eacosﬁ (1)

L -
F)IM = 5(M )y A(E cos /3] =Ta= EmLza

_ml_a
6 cos f3 2)
Substitute (2) into (1):
_mk_e =m£0{cosﬂ
6 cos/f 2
g= £cosﬁ—i— L o
2 6¢cos B

L 1
=—| 3cos f + o
8 6[ o cosﬂ]
g:£{3coszﬂ+lJa

6 cos B
a:6_g cos 3 )
L\ 1+3cos’ S
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PROBLEM 16.158 (Continued)

2
a=Locosp=t[ 08 B gz B
2\ L 1+3cos” f8 14+3cos”
_mb o _mLf6g cosp | 1 _ . 1
6 cosff 6 | L 1+3cos’f Jcosf g1+3c0s2ﬂ
For B =70°
(@) a=6—g% a=1519% ) <
L 1+43cos”70° L
2
_ cos” 70 _
(b) a=3g—> " a=0260g| «
14 3c05 70° ¢
1
(c) A=mg ———— A=0740mg | 4
14 3c0s2 70° s
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Kinetics of bar

FHIHE
f@f: I'»@

wifh “/:"Yg
TEF, = X(F, )y
W —4F =ma

Substitute for F from (2) into (1).

(b)  Configuration (b)
Kinematics:

Disk is rolling on vertical wall

Therefore:

- PROBLEM 16.159
A I-@ A O O A A bar of mass m=5 kg is held as shown between
four disks, each of mass m’=2kg and radius
r =75 mm. Knowing that the normal forces on the
B [® @ 3@ @ P disks are sufficient to prevent any slipping, for each
of the cases shown determine the acceleration of the
L L bar immediately after it has been released from rest.
(a) (b)
SOLUTION \)“
(a)  Configuration (a)
Kinematics: ..a.'
_ a
a=ra a=—
’

Kinetics of one disk

EIM=X(M)g: Fr=lo

Fr= lm'r2 (gj
2 r

1
Q8 F=—ma 2
5 (2)
mg —4 lm'ﬁ =ma
S
mg=(m+2mYa a=—02~ _
m+2m
_ 5 _ 5
m=5kg, m'=2kg a= a=—g, <
g g 5+202)° 9gi

a=a,=2ra
a
o=—
2r
1_
a=ra=—a
2
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Kinetics of bar

Py
FANE [

W- my
TEF, = X(F, )y

™

W —4F =ma
mg —2(2F) =ma

Substitute for 2F from (2) into (1):

PROBLEM 16.159 (Continued)

Kinetics of one disk

{haa]
1]
&)
- (]

D)IM, =2(M)y)

FQry+m'gr=Ta+m'ar

2Fr= m'gr =lm'r2 £ +m'£r
2 2r 2

(D

2F=m'(iﬁ+%ﬁj—m'g 2)

mg — 2m’(% (7) +2m’g =ma

(c)  Configuration (c)
Kinematics:

Disk is rolling on vertical wall a
Kinetics of bar
F

werg

+i ZFy = Z(F} )eff:

W —4F =ma
mg —4F =ma (D)

(m+im']5=(m+2m')g EZM
2 ,
m+=m
_ 5+4 _ 9
m=5kg, m'=2kg: a="—— a=—g, 4
g g 5+3g 8gi

I
Sl
I
-
S

Kinetics of one disk

Ta=imr (ij
p

Wemy  ma=mE

DVEM =M )

(F+w)r=Ia+mar

’ 1 ’ 7 a ’—
(F+mg)r=5mr (£)+mat

r

F :%m'a—m'g @)
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PROBLEM 16.159 (Continued)

Substitute for F from (2) into (1):

mg —6m'a +4m’'g = ma

(m+6m’a =(m+4m’)g E=L4m,g
m+6m
_ 548 _ 13
m=5kg, m'=2kg: a= a=—g, <
£ & 5412 17gi
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PROBLEM 16.160

A uniform plate of mass m is suspended in each of the ways shown. For each case determine immediately
after the connection at B has been released (a) the angular acceleration of the plate, (b) the acceleration of its

mass center.
Pin supports ~— Wires —
‘177/ B
T B P 7
=c

A

(1) (2) 3)

)

1O |—
1o |—

-
-

SOLUTION

(1)  Plate attached to pins

Kinematics: Assume oc) (w=0)

a=ra /6
- x comp: a, =rosin@ = (rsin @)a
"‘iy comp: a, =rocos@ = (rcos)a
_ 1 _ 1
Thus: a=—ca~—; a =—ca 1
X 4 b y 2 i ( )
2
Kinetics: Tzim P =imc2
12 2 48
4‘1::7_'_‘- | - L’ - - _2
(P21 3
A TH B Tic
- — 3 )= v
I - ‘“"1- Ix | —
Q P_V:?lg .m.f.',
voha
=7
(@) “)EM  =3(M y)ep: W (g) =Ta+ (mc_zx)(%] +(ma,) (g)
1 ’ 1 c 1
—mgc=—mca+m| —ca || = |+m| —ca || =
2 48 4 4 2
lmgc=£mc20! a=12% a=l.2§)<
2 48 c c
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PROBLEM 16.160 (Continued)
_ 1 1 _
(b) From (1): a, =an=Z(1.2g) a =03g
a, =—ca—%(1 2¢) a,=06g) a=0.671g 7 63.4° 4
(2)  Plate suspended from wires.
Kinematics: Assume oc) (=0) a, kjc "‘ A
i AN
- ' N
a=ac=a,tag, a1l A 'TC
— . (f -
=a, & +ra /6 + Lo k.
— ¢ —
+Tycomp.
a,=0-rocost
=—(rcos@)o
rcos&=lc
2
_ 1 _ 1
Thus: a, =—Eca a, =Ecai )
2
Kinetics: Tzim A+ < :mez
12 2 48
A4
Ad, by
A F“C, -7! P A ..<. '7 [N
= |« 6 2%
W=rq{ — - R I ,
l_ g ﬂn(."
FLSF =X(F,) o 0=ma,
a, =0
1 — _ (1
)IM, =S(M )r: W (Ec) =Ta+ (may)(zc)
Recalling (1): %mgc =4igmcza+(%mcaj(%cj
lmgczﬂmcza azﬁi 0{=%§) <
2 48 17 ¢ 17 ¢
_ 1 1 (24¢g) 12 _ 12
a,=—co=—c| —= |=— a=—yg, 4
rTRYTY (170] 178 17gi
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PROBLEM 16.160 (Continued)

(3) Plate suspended from springs. Immediately after spring B is released, the tension in spring A is still
%mg since its elongation is unchanged.

e B A E
A

2 = |_

| W:'Mi | Ia

1 1
T)IM G =M ) (Emg)[acj =la

3
N

(@)  Angular acceleration.

! (7))
gﬁ
4> ¥

lmgczimcza 0c=2.4§) <
4 48 c

(b)  Acceleration at mass center.

HUSF =3(F,)y: O=ma, a, =0

1 _
"’i LF, =X(F)): mg-— Emg =ma,

_ 1 _
a},zag a=0.5gi <

PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed,
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.

1681



https://students-hub.com
https://students-hub.com

- PROBLEM 16.161

2y 12 in.) @ A cylinder with a circular hole is rolling without slipping on a fixed

curved surface as shown. The cylinder would have a weight of 16 1b
without the hole, but with the hole it has a weight of 15 Ib. Knowing
that at the instant shown the disk has an angular velocity of 5 rad/s
clockwise, determine (a) the angular acceleration of the disk, (b) the
components of the reaction force between the cylinder and the ground

36 in. at this instant.

SOLUTION

Geometry: Let the mass center G of the cylinder lie a distance b below the geometric center for the position
shown. Let C, the contact point between the cylinder and the fixed curved surface, be the origin of a
coordinate system, as shown. The position vector of a point is

r=uxi+yj
Let » be the radius of the cylinder and R that of the fixed curved surface
Kinematics:
The acceleration a, at a point is given by
ap =ac +aXTye — Oy
Let o= ,>
Then, using the coordinate system
a, =[(ag),— 1+[(ac), Il

Hyor—» |+ [xer )]

Hya? |1+ [xe* ~—]

Since the cylinder rolls without slipping on a fixed surface,
(ac), =0

For Points G and A,
ag =[(ac), [1+[(r~b)a — 1+~ b)a?* |1 0
a, =[(ac), 1+ [ra—1+[re?|] 2
Subtract Eq. (2) from Eq. (1) to eliminate (ac),
ag =a, =[ba~—|+[ba*|]
ag =a, +[ba~—1+[ba ]
=[(ay),—1+[@,), [T+ [bar ~—1+[bw? 1]
=[(r-b)ar—1+[a,), | 1+[ba’[] 3)
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PROBLEM 16.161 (Continued)

Point C is the instantaneous center, so that
V,=ro—

Point A is constrained to move on a circle of radius
pP=R+r

so its vertical component of acceleration is

2 2 2
(a,), =4 |="2 |
P

2
.
Using Eq. 3, ag =[(r-bja—1+ ;—b |

The effective force at the mass center is

2
mag =[m(r—byor—1+| ——b |’

Kinetics:
)IM=3(M() s O+ T+ (r—bym(r—b)er
=[I +m(r-b)’lo
mv-b)a
——pt
|
s 2
miE- - b)w
P 3
C
(a) Angular acceleration. 0=0 <
(b) Force components at C.
FLSF =3X(F,)y: C,=m(r—b)a=0 C,.=0 <

2
] 2F, =3(F)): C,-W=-m %—b o

2
c,=w-YI _pler

8§\ p
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Data:

PROBLEM 16.161 (Continued)

It remains to determine the distance b from the mass distribution of the cylinder.

area A, =% A, with its center located < r above the center of A,.

2 1 — 2
2 ——r? —r -7 Y=——
@ 16 3 24 45"
2
15 5 1 3 b=—r
| e 2" E

r=12in.=1ft, R=361in.,, p=48in.

2 (12)=0.53333 in.
45

b
r? 144
b= e 0.53333 =2.4667 in.=0.20556 ft

C,=151b —Lbz(o.20556 ft)(5 rad/s)*
32.2 ft/s

The mass center G coincides with the centroid of a circular cylinder of area A, = 77> with a circular cut out of

.—%I

C=12611b| 4
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PROBLEM 16.162

M The motion of a square plate of side 150 mm and mass 2.5 kg is guided
by pins at corners A and B that slide in slots cut in a vertical wall.
Immediately after the plate is released from rest in the position shown,
determine (a) the angular acceleration of the plate, (b) the reaction at
B}g corner A.

SOLUTION
. . L L Lo
Kinematics: AG:_\/_zE aga :(AB)azﬁ
J.4

n

2
27 ' A

+ ¢
28
an® ¢
Plane motion = Translation + Rotation

aBi:aA<_+aB/At60° .
Aa= Lok §ror J*
a3i=aA<—+L0!§6oo .
A, x 30‘ QA= Lol cosIn
- . ®a 4
a—aA +aG/A§15° 254

a=[Lasin 30°<—]J{% <C 15ﬂ =[0.5Ler ~—]1+[0.707 Lor << 15°]

Law of cosines

a’=a; -ag, —2a,az, cosl5° O O.&°4nt

_ ) /e ® N\

a* = (0.5La)* +(0.707La) LN ¢
~2(0.5Le)(0.707Ler) cos 15° %4 0,50, 2

a’=Ia*0.25+0.5-0.68301)
a® = I?0%(0.06699)
a=0.25882Lc
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PROBLEM 16.162 (Continued)

Law of sines.

a a a
- a - ,G/A ; sinf =9 sin15°= 0707 sin15°
sinl5°  sin a 0.25950Lcx

sin #=0.707;, [=135°
a=0.2583La~ 45°
Kinetics: (w=0)

We find the location of Point E where lines of action of A and B intersect.

L
MG =—
V2
A EAG =15°
/\
(A)cosss® \_ 4 \8
st cosis® 4]
= 0.483L o5t
| A ‘
A (£ )= (98 )sr0s 5% n!rE sii0 15
- = 0T34
(EG), =0.6829L—-0.5L=0.183L G
(EG)=(0. 183L)\/§ =0.2588L OuI83L f
U ki3
T=Lmp £ o834
6
8
0.5t | 8
& J/O.IOSI
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PROBLEM 16.162 (Continued)

(a)  Angular acceleration.

+)IM , =X(M ,)r: mg(0.183L) =T o+ (ma)(0.2588L)
0.183mgL = %mLZOH- m(0.2588Lex)(0.2588L)
0.183gL = Lza(% + 0.06698j
0.183% =0.23360; a= 0.7834%

2
o =0.7834 231 /5" a=51.2radls’ ) <

0.15m
(b) Reaction at corner A.
+] ZF, =2(F,)oq: A—mg =—masin45°
=-m(0.2588Lax)sin 45°
= —m(0.2588L)(0.7834%] sin45°

A—mg =0.1434mg
A =0.8566mg
=0.8566(2.5 kg)(9.81 m/s*)
=21.01N A=210N! «
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PROBLEM 16.163

Solve Problem 16.162, assuming that the plate is fitted with a single pin
at corner A.

Problem 16.162 The motion of a square plate of side 150 mm and mass
2.5 kg is guided by pins at corners A and B that slide in slots cut in a
vertical wall. Immediately after the plate is released from rest in the
position shown, determine (a) the angular acceleration of the plate,
(b) the reaction of corner A.

SOLUTION

]
\

Since both A and myg are vertical, a, =0 and a is i

Kinematics: A

LR,y s’
vz

Kinetics:
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PROBLEM 16.163 (Continued)

(a)  Angular acceleration.

+)IM, =Z(M )yr: mg(AG)sin15° =1 +ma(AG)sin15°

5 B

0.1835 = (l+ 0.033494)(1
L \6

mg [L] sin15°= %mLZOt +m(0.183La) (i} sin15°

0.183%:0.20020{

a=091435
L

2
—0.9143281m/s” =598 rad/s> ) <

0.15m
(b) Reaction at corner A.
+| 5F, =X(F,)): A—mg=—ma
A—-mg =—m(0.183Le)
= —m(0. 183L)(O.9143%)

A—mg =-0.1673mg
A=0.8326mg
A=0.8326(2.5 kg)(9.81 m/s?) A=204NT <
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PROBLEM 16.164

The Geneva mechanism shown is used to provide an intermit-
DiskS tent rotary motion of disk S. Disk D weighs 2 Ib and has a
radius of gyration of 0.9 in. and disk S weighs 6 1b and has a
= 1.25in. radius of gyration of 1.5 in. The motion of the system is
controlled by a couple M applied to disk D. A pin P is attached
to disk D and can slide in one of the six equally spaced slots cut
in disk S. It is desirable that the angular velocity of disk S be
zero as the pin enters and leaves each of the six slots; this will
_ occur if the distance between the centers of the disks and the
when ¢ = 120° radii of the disks are related as shown. Knowing disk D rotates
with a constant counterclockwise angular velocity of 8 rad/s
and the friction between the slot and pin P is negligible,
determine when ¢ = 150° (a) the couple M, (b) the magnitude

of the force pin P applies to disk S.

SOLUTION
Geometry:
Law of cosines. r? =1.25% +2.50% — (2)(1.25)(2.50) cos 30°
r=1.54914 in. o
. o .
Law of sines. M = sin30° r .2\,-:;'
1.25 r o % o g
ﬂ =23.794° 2.50 i,

Let disk S be a rotating frame of reference.

Q-a,), Q=a)
Motion of coinciding Point P" on the disk.

vy =ras =1.54914a5 N B
Ay = —0K X Tp — WsTpy =[1.549140g N\ B1+[1.54914w; 7 B
Motion relative to the frame.
Vs =u 7B apg=u 7 f
Coriolis acceleration. 2aqu N B
Vp = Vo + Vg =[1.54914 s N 1+ [u 77 B

ap =a, +ap +20u N

=[1.549140, ]\ B1+11.54914a} 7= B1+ [t 7 1+ [2wgu N A1
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PROBLEM 16.164 (Continued)

Motion of disk D. (rotation about B)
v, =(BP)w, =(1.25)(8) =10 in./s 7 30°
a, =[(BP)a;, 77 60°] +[(BP)w; < 30°1= 0 +[(1.25)(8)* <L 30°]
=80 in./s* < 30°
Equate the two expressions for v, and resolve into components.
NB: 1.54914wg =10cos(30°+ )

O = 10c0s53.794°
5 1.54914
=3.8130 rad/s

> B u=10sin(30° + B) =10sin 53.794° = 8.0690 in./s
Equate the two expressions for a, and resolve into components.
NB: 1.549140 — 2a,u = 80sin (30° + )
_ 80sin 53.794° +(2)(3.8130)(8.0690)

g

1.54914
=81.391 rad/s>

Kinetics:
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PROBLEM 16.164 (Continued)

§7Us

2
Lo z(&)(ﬁ ft] (81.391 rad/s?) = 0.23697 Ib - ft

32.2 ft/s* )\ 12
TOtD =0 since a, =0
Disk S: JEMy =My Pr=Tsaq
P[1'54914 ft]=0.23697 Ib - ft P=1.83561b
Disk D: r=90°-30°— 3 =36.206°

. (125
)EMy =S(Mp)y: M —(Psinr) [7) ft

~ (1.25)(1.83565in 36.206°)
12

(@) Couple M. M=1.3551b-in ) «
(b)  Magnitude of contact force. P=18361b 4

M =0.11294 1b - ft
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