Engineering Mechanics - Dynamics

Problem 17-1

The right circular cone is formed by
revolving the shaded area around the x
axis. Determine the moment of inertia /,

and express the result in terms of the total
mass m of the cone. The cone has a
constant density p.

Solution:
h
( rx 2 2
m:J p;z(I) dx=—= hpnr
0
3m
p=—
hzxr
h
AL s *(rx zdx
A 2 2 h h
=,

Chapter 17

Problem 17-2

Determine the moment of inertia of the thin ring about the z axis. The ring has a mass m

Solution:
27
m
m=J PR dAO =27 pR p=
27T
m

P RR2 dé = mR2 Iz=mR2

2aR Jg

Problem 17-3

The solid is formed by revolving the shaded area around the y axis. Determine the radius of

gyration k,. The specific weight of the material is .

Given:

Ib . .
;/:380—3 a =3in b =3in
ft
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Solution: v
rb
3 2
m = VT ay— dy m = 0.083 slug
3
b
Jo \
b b
. N2 3)? , 15 =a }
= 757 ay—3 ay—3 dy I, =0.201slug in x
b b a
70
I
= k=156in
m
*Problem 17-4 v
X+ ) !
Determine the moment of inertia /, of the sphere and i -
express the result in terms of the total mass m of the & :
sphere.The sphere has a constant density p. r -
_ I
Solution:
' 4 3 |
m
mzj pﬁ(rz—xz)dxz—r3p7r p=— S i
-r 3 P Ty =
s T
/ I,g-}\ = X
” 5 Jf"' — ,_'I:I//;J"'. ¥
3 f 2 = El o
[x:—m3 f(rz—x ) dx Ixz—mr2 rx 1|§/j,-
4y J S ,.--_%/
X

Problem 17-5

Determine the radius of gyration £, of the

paraboloid. The density of the material is p. =

Units Used: Mg = 106 gm
Given:
h = 200 mm
r = 100 mm
L I
Mg I
=5—=
L 3
m
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Solution:
~h
xr2
M = prl— | dx
h
“0
rh
1 xr2 ’
I = —pr|—| dx
h
Y0
I
kx = _x
M

Chapter 17

M = 15.708 kg

Iy = 0.052 kg-m”

ky = 57.7mm

Problem 17-6

Determine the moment of inertia of the

semiellipsoid with respect to the x axis and express

the result in terms of the mass m of the

semiellipsoid. The material has a constant density p.

Solution:
a
x2
m = p 7h 1——2 dx=—apnb” p-=
a
0
a
2 2
3 1 2
I - mz —ﬂbzl—x—z & L= 2mb?
2arb 2 a >
0

Problem 17-7

Determine the radius of gyration &,

of the body. The specific weight of
the material is .

Given:
380 b
V= -
3
h =8 in
r=2in
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Solution:
rh
1 2
X 3

M = v F(Zj dx M = 0.412slug

Y0

rh

l 4
1 X 3 2

I, = Ey;r r(;j dx I, = 0.589 slug-in

Y0

I .

ky = I ky = 1201n

Chapter 17

*Problem 17-8

Determine the moment of inertia of the ellipsoid with respect to the x axis and express the result

in terms of the mass m of the ellipsoid. The material has a constant density p.

Solution:
ra
m = J p b
—dad
3m
p =
4a7rb2
a
I - 3m
X
4a7zb2
—d

2
- dx=—apnb 3

a

\.
> 2

1 2 X
—7z|b7 |1 —— || dx I, =—mb
2 a2

Problem 17-9

Determine the moment of inertia of the homogeneous pyramid of mass m with respect to the z

axis.The density of the material is p. Suggestion: Use a rectangular plate element having a volume

of dV = (2x)(2y) dz.
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Solution:
_alh-=z)
Y
¢ 2
h— 1
m= ath~2) dz——hpa2
h 3
0
3m
p=—7
ha2
3m | 1[ath-2T* :
| o
ha2 6 h
0
I 2
Iz—l—oma

Problem 17-10

The concrete shape is formed by rotating the shaded area about the y axis. Determine the moment
of inertia /,. The specific weight of concrete is .

Given: .
a =61in
b=4in |
s (] —t L
h =8 in _.-'"_“___:___ ___'_""_:\;--_""--}i
b =\ e
}/ = 150 —3 !
ft g | 1
Solution: ., I{ T]
h
1 4 2y ,
Iy = ;{Eﬂ(a +b) - —ﬂ'( ;) } dy Iy = 2.25slug- ft
0

Problem 17-11
Determine the moment of inertia of the thin plate about an axis perpendicular to the page and

passing through the pin at O. The plate has a hole in its center. Its thickness is 7, and the
material has a density of p.
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Given: o
a =140 m N
r = 150 mm \
t = 50 mm /_\
kg .
=50 —
P 3
m
Solution:

2 2 2
2 2
Ip = paz{%J - [0 ﬂl’zt(%] + pﬂrzl(\/; aj } Ip = 6.227 kg'm2

Chapter 17

*Problem 17-12

Determine the moment of inertia /, of the frustum of the cone which has a conical depression.

The material has a density p.

Given:

<20
r) =04 m i
hy = 0.6 m
P ) .'I.'-
hy = 0.8 m
p =200 —= | : f
5 |
Solution:
r2h
h3 = hg = h3 —h)
7’2 — I"]
2 2 2
; wr"h3 (3N o | parihe (3N o |pmr2hp|(3Y 5
= — | || = | | —— || =T
27T 10)"7 3 10)"" 3 10)"?
2
I, = 1.53kg-m
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Problem 17-13
(¥

about an axis which is perpendicular to the page
and passes through the center of mass G. The y ‘
material has a specific weight y.

Determine the moment of inertia of the assembly /""k‘}f -

Given: ' |
a=05f r=1* \ ;-“’f , _L
b—
b=0251ft rp =21t .J\\m____d-r-""/ ™
= Ib i 5
c=1ft ¥ =90 = L
ft
Solution:
1 4 1 4 1 4 2
Ig = 577rc(r2 +a) - 57”(0 -b)yry - 57”’”1 Ig = 118slug-ft

Problem 17-14

Determine the moment of inertia of the assembly about an axis which is perpendicular to the
page and passes through point O. The material has a specific weight 7.

Given:
5 T i}
.
a=05ft /ch‘r L
b =025 ft / ‘
c=1"ft [ |

r;p =11t \ ;3"'
ry = 2 ft \,\ F_//I # _L

}/:90— -
>

Solution:

3 1
Ip = 5}/72'0(1"2 + a)4 - |:5}/7z(c - b) r24 + y7(c— b) r22 (rg + a)2:|

1
+ —|:5;/7rbr14 + 7/7rbr12(r2 + a)2:|

Io = 283 slug ft>
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Problem 17-15

The wheel consists of a thin ring having a mass M; and four spokes made from slender rods,
each having a mass M,. Determine the wheel’s moment of inertia about an axis perpendicular
to the page and passing through point 4.

Given:
M; =10 kg
My =2kg
r = 500 mm
Solution:

2 7’2
Ig=M;r +4M2(?j

1y zlg+(M1+4M2)r2 IA=7.67kg-m2

Chapter 17

Problem 17-16

The slender rods have a weight density . Determine the moment of inertia of the assembly
about an axis perpendicular to the page and passing through point 4.

Given: A 8 / )
_3 b
V= ft il
a=2ft j 1N
| |
b =11 |
c=151t
i 1
Solution: i : T ! "l
2 2
+b 2
Iy = Ha+ b){%} + 1(2¢) % + 1(2¢) d Ig = 2.17 slug- ft

Problem 17-17

Each of the three rods has a mass m. Determine the moment of inertia of the assembly about an
axis which is perpendicular to the page and passes through the center point O.
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Solution: J,{ i x\-x
) :f’Jr \_\1
1 in(60 d 4 b
Iy = 3{_ ma® + m[w} } / y \'\N
12 3 i 4 _,"( B
I 4 “xx Y
4 %
1 2 ,r‘f 4 gL \‘\\

Ip = — /

N / N
4 ‘-,t \"\.
y LY

Problem 17-18

The slender rods have weight density y. Determine the moment of inertia of the assembly
about an axis perpendicular to the page and passing through the pin at A4.

Given: ._1'1 o ‘
_; Ib
A
il
a=2ft
b=15ft . 1
Solution: fa h i h o
I 3 1 3 2 2
Iy = 570 + E}/(Zb) + 1(2b)a I4 = 1.58 slug: ft

Problem 17-19

The pendulum consists of a plate having weight /¥, and a slender rod having weight W,. Determine
the radius of gyration of the pendulum about an axis perpendicular to the page and passing through

point O.
Given: f [
i —
Wp =121b 1 ‘.Tf
W, =41b g b - |
a=1ft
b =3ft
c=2ft
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1( b 2 1 ¢ 2 1 2 02
Ip = — Wib™ + —=| —— Wy +=Wya + Wy| b+ =
0 3(b+c) r 3(b+c) r¢ T p( 2)

Io = 4921 slug f>

lo
ko = |——— ko = 3.146 ft
O [worw, ©

*Problem 17-20

Determine the moment of inertia of the overhung crank about the x axis. The material is steel
having a density p.

b = 50 mm e = 20 mm

Units Used: o — —
[] [} i
Mg = 10° kg I:‘: f
Given: 0
- I|':. =
= 7 85 & 1 by r
p=7 3 ¢ = 180 mm '
m
2
a = 20 mm d = 30 mm !
. . A
I_,_ \ i
LEs

Solution: id—=
b i

A5 () <o (] e

I, =325 x 10 Jkg-m>

Problem 17-21

Determine the moment of inertia of the overhung crank about the x' axis. The material is steel
having a density p.

Units Used:
3
Mg = 10" kg
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Given: ¢ T i i
. |
Mg ~, i
p =78 — o '1:,,'
m L—‘
a = 20 mm b
b = 50 mm ! {
¢ = 180 mm ¢
d = 30 mm — ‘ 3 j
i
L | SN B
e = 20 mm __|
a p q_F:!
Solution:
2 2 2 2
- 2d d
Ix=2ﬂf bl — +,07rE bc pa c(d2+cz)
2 \2 2 2 12
2 2
—2d _
Ly =1+ |:2p ﬂ(g) b +padc}(c 3 ) I =7.19 x 10 3kg.m2

Problem 17-22

Determine the moment of inertia of the solid steel assembly about the x axis. Steel has specific
weight y,,.

Given:
a = 0.25 ft
b =21ft X
c=3"ft
Ib
rst = 490 -
ft
Solution:

1 31 31
I = [Eﬂ(2a)zc(2a)2 +s 5;z(za)z(zb) (2a)° - = gﬁazba2:|7st

I, = 5.644 slug- ft°
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Problem 17-23 e —=

1 WO h
The pendulum consists of two slender rods AB and OC which have a e L 1
mass density p,. The thin plate has a mass density p,. Determine the ”

location y' of the center of mass G of the pendulum, then calculate the
moment of inertia of the pendulum about an axis perpendicular to the
page and passing through G.

Given: ' .l (7
kg
p; =3 — a=04m c=01m
m
kg -
,02=12—2 b=15m r=03m Pt '
m / [ \
Solution: [ :’1-. Y
| j}_;’
b 2 2 \‘k_ =
p]bE + pom\r- —=c)(b+7r)
y' = y'=0.888 m

pilh+2a) + parl? - )

1 1 P2 P2
Ip = Ep] (,’Za)3 + gp] b3 + (7]711’4 + pgﬂrz(r+ b)2 - K?j”;‘ + pgﬂcz(r+ b)2j|

2

2 2\,
e 10—[/71(2a+b)+p27r(7 -c )]y

IG = 5.61 kg-m>

*Problem 17-24

Determine the greatest possible acceleration of the race car of mass M so that its front tires do
not leave the ground or the tires slip on the track. The coefficients of static and kinetic friction
are 4, and py respectively. Neglect the mass of the tires. The car has rear-wheel drive and the
front tires are free to roll.

Given:

M =975kg g =08

a=182m Ui = 0.6

m
220m g =981
S

b

h=055m
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. Mg
Solution: :
h
First assume that the rear wheels Fre uN o | =
are on the verge of slipping B = HsVB ~ =iy \
\_ I | B
Guesses A o T Fy
m
Ngy=1N Ng =1N ag =1 — b 1
2 N N
N A ]
Given | |
usNp = Mag Ng+Np-Mg=0 - §

T —I.,.f'“"\
~Nga+ Ng(b—a) — ugNgh = 0 //{_} 7\'&_/'}

Ny May; I
Ng | = Find(Ny,Ng, ag) M (726 8.12 =
B | = Find(Ny,Np,a = agy =812 —
“ Np 9891 ¢ o
agl
Next assume that the front wheels lose contact with the ground Ngy=0
m
Guesses Ng =1N Fp=1N ac;=1—2
s

Given Fp=Mag Ng—-Mg=0 Ng(b—a) —Fph=20

NB
Fp | = Find(Ng, F3,aq) B (9565 6.78 =
B = rm B-I'B,aG = aG2 = 6. —_
Fp 6608 2

aGg2
Choose the critical case ag = min(aG )i ,aG2) ag = 6.78 22

S

Problem 17-25

Determine the greatest possible acceleration of the race car of mass M so that its front tires do
not leave the ground nor the tires slip on the track. The coefficients of static and kinetic
friction are x, and  respectively. Neglect the mass of the tires. The car has four-wheel drive.

Given:
=

M =975 kg ug = 0.8 . ,f“
a=18m up=06 —— v

m ,4'__ ” |
b =220m g:9.81—2 ;

< e ; o
h =0.55m
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Solution:
Mg
First assume that all wheels are on Fy = ugNy
the verge of slipping P —
FB = LU NB _'_1:/ -.H:I--"'_- ll.r'f \.'.\_-.
Guesses .-;’ N N ./
m A A il J 1]
Ngy=1N Np =1N ag=1—2
S I
N, Ny
Given
UsNB + tsNg = Mag Ng+Np-Mg=0
—Nga+ Ng(b—-a) — ugNgh — ugNgh =0
Ny
Ng | = Find(Ny, N3, ac) MR 7.85 =
B | = Find(Ng4,Np,a = agy] =785 —
© Np 9826 “ S2
agl
Next assume that the front wheels lose contact with the ground Ngy=0
m
Guesses Np =1N Fp=1N aG:l—2
s
Given Fp=Mag Np-Mg=20 Ng(b—a) —Fph=20
Np
Fp | = Find(Ng.Fg.ag) MEGRE 6.78 =
B | = Find(Np,Fp.a = aGg2 = 6.78 —
© Fp 6608 N 82
aG2
.- . m
Choose the critical case ag = mm(aG] ,aGZ) ag = 6.78 =
s
Problem 17-26 ﬂ
The bottle of weight ¥ rests on the check-out conveyor at a E;____
grocery store. If the coefficient of static friction is s, determine IR
the largest acceleration the conveyor can have without causing
the bottle to slip or tip. The center of gravity is at G. b a
Gi I o
iven: =
hﬁ
wW=21lb R S
P
My = 0.2 c
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b =8in

¢c=151n
—322ft

g = Jz. 2

N

Solution: Assume that bottle tips before slipping
X =c

ft
Guesses ag=1— Fp=11b Np=11b Fpu, =11b

N

w
Given Fp= (—jaG Ng—-W=20
g

h 8
L
Fpb—Npx =0 Fmax = 1sNB Y
aGt
Fp 0.375
Fp . ft
v | = Find(ag, Fg,Ng, Finax) Ng |=| 2 | agy = 6.037—
B
Fonax 0.4 S
Fmax

If Fp=10.3751b < Fju = 0.41b then we have the correct answer.

If Fp=03751b > Fp, = 0.41b then we know that slipping occurs first. If this is the case,

Fp = usNp

w
Given FBZ(—)aG Np—W=20 Fpb—-Npx =0

g
ags
ft
Np | = Find(ag, Np,x) Np =21b x=16in aGs = 6.44—
S
X

As a check, we should have x = 1.6in < ¢ = 1.5in ifslipping occurs first

. . ) ft
In either case, the answer is ag = mm(aGS , aGt) ag = 6.037 =

S

Problem 17-27

The assembly has mass m,, and is hoisted using the boom and pulley system. If the winch at B
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draws in the cable with acceleration a, determine the compressive force in the hydraulic cylinder
needed to support the boom. The boom has mass m,, and mass center at G.

ar

-~

Units Used:
Mg = 103 kg

KN = 10° N

Given:

mg = 8 Mg

mp = 2 Mg

Solution:

1
2T—mag=ma% T=5(mag+ma§) T = 43.24kN

[—2T(b +c+d) —mpg(b+c) +FCDb]cos(9) =0

2T(b+ c+ d) + mpg(b + ¢)
Fep = 5 Fcp = 289kN

*Problem 17-28

The jet aircraft has total mass M and a center of mass at G. Initially at take-off the engines
provide thrusts 27" and 7". Determine the acceleration of the plane and the normal reactions on
the nose wheel and each of the two wing wheels located at B. Neglect the mass of the wheels
and, due to low velocity, neglect any lift caused by the wings.

Units Used:

Mg = 103 kg
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KN = 10° N

Given:

b=25m M =22Mg G
T 2T —

c=23m T =2kN

m
e=6m g =981 —
2
S
f=12m
Solution:
m
Guesses ag =1 > B
s
Given T"+2T=Mag 2By + Ay -Mg=0

~T'b-2Tc~Mgd+ Ay(d +e) = -Mag f

ag
A 72.6
. m g '
By | = Find(ag, By, 4y) ag = 0250 — [B J - (71'6)1«
» y
Ay

Problem 17-29

The lift truck has mass m, and mass center at G. If it
lifts the spool of mass m, with acceleration «,

determine the reactions of each of the four wheels on
the ground. The loading is symmetric. Neglect the
mass of the movable arm CD.

Given: a=3 d=04m

b =075m e=07m

m
9.81 —

2

S

my = 70 kg mg = 120 kg

c=05m g
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Solution:

Guesses Ngy=1N Ng =1N

544

Given M M
il
2(NA + NB) - (mt + ms)g = mga . A
Teb :f g
—2Ny(b+c) + mgge+ mygc = —mgae . ——1 —\
[ [
Ny [ =
= Find(Ny4. Np) |
Np ) "o:<_>
I B
N __{
( AJ i (568}\] o, | I r

Np

Problem 17-30

The lift truck has mass m, and mass center at G. Determine the largest upward acceleration of the
spool of mass m, so that no reaction of the wheels on the ground exceeds F,,,,.

Given:
my = 70 kg b =0.75m

mg = 120 kg c=05m

Foax = 600N d =04 m
m
g=9.81—2 e =07m
S
Solution: Assume Ny = Frax
Guesses a Np =1N

I
—_
o B
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Given
2(NA + NB) - (mt + ms)g = mga

—2Ng(b+c) + mgge+mygc = —mgae

a
= Find(a, Np)
Np
Ny 600
= N
Np 569.529
2""';)1
m
a=396 —
2

g -
L

Chapter 17

i

b e | 2N,

Check: Since Np =570 N < Fp, = 600 N then our assumption is good.

Problem 17-31

The door has weight 7 and center of gravity at G. Determine how far the door moves in time ¢
starting from rest, if a man pushes on it at C with a horizontal force F. Also, find the vertical

reactions at the rollers 4 and B.

e—

Given: ﬁ;‘! ﬁﬂ
W =2001b c¢=5ft
t=2s d =12 ft
F=301Ib e =6ft
ft
b =3 ft g =322 >
S
Solution:
ft
Guesses a=1— Ngy=11b Ng=11Ib N N
2 A o it
S 2e
w .'.f—r'__ |
Given F=|—la Ngy+Np—-W=0 o —h—=i-
g F s

F(c—b) + Nge— Nygye=0
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a

. ft Ny 105.0
N4 | = Find(a,Ny,Np) a=483— = Ib
N < Np 95.0
B
1
d=—af d=9.66ft

*Problem 17-32

The door has weight /7 and center of gravity at G. Determine the constant force F that must be
applied to the door to push it open a distance d to the right in time ¢, starting from rest. Also, find the
vertical reactions at the rollers 4 and B.

Given: [ B B |
fA fHE
W =2001b c¢=5ft
t=15s d =12 ft
d =12 ft e =6 ft
ft - :
b =31t g =322 -
S
Solution: [
d ft
a =2 — a=0.96—
2 2
t S
Guesses F=11b Ngy=11b Ng=11Ib Ny 26 N
_-F [
w d — i
Given F= (—)a Ng+Np—-W=20 IS }fJ"a.__ —il
g - 7

F(c—-b) + Nge— Nygye=20

F F 5.96
N4 | = Find(F, Ny, Np) N4 | =1 100.99 [Ib
Np Np 99.01

Problem 17-33

The fork lift has a boom with mass M; and a mass center at G. If the vertical acceleration of the
boom is a, determine the horizontal and vertical reactions at the pin 4 and on the short link BC
when the load M, is lifted.
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Units Used:
[ a— b -
3 3 ! |
Mg = 10" kg kN = 10" N i K
Given:
M; = 800 kg a=1m
My =125Mg D =2m
c=15m
m d=125m
ag = 4 —
2
S
Solution: a
Guesses Fon

A¢=1N Fep=1N

A, = 1N
Y
Mg
Given . : 1 e
¥
-Fcp+ Ay =0
Ay_(M1+M2)g=(M]+M2)aG : a+b
£ ¥
Fepe—-Mjga—Mzg(a+b) =Mjaga+Mag(a+ b) [
Ax A Mag
4, | = Find(Ax,Ay,FCB) a
Fcap
Ay 41.9
M adi
4y | =| 283 kN jﬂi
d
Fcp 41.9
a+h

Problem 17-34

The pipe has mass M and is being towed behind the truck. If the acceleration of the truck is a,,
determine the angle @and the tension in the cable. The coefficient of kinetic friction between the pipe
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and the ground is .
Units Used:

KN = 10° N
Given:

M=80kg r=04m

at=0.522 = 45 deg
S

m
M = 0.1 g =981 >
s

Solution:
Guesses 0 =10deg Nc =1N
Given

Teos(§) — ugNc = May

Tsin(¢) - Mg+ Nc =0

Tsin(¢ - 6’)r— U Ncr=0

0
Nc | = Find(6,N¢, T) Nc = 6.771kN T=1523kN 0 = 18.608 deg
T

Problem 17-35

The pipe has mass M and is being towed behind a truck. Determine the acceleration of the truck and
the tension in the cable. The coefficient of kinetic friction between the pipe and the ground is ;.
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Units Used: kN = 10° N

Chapter 17

Given:

M =800kg r=04m

0 = 30 deg ¢ = 45 deg

m
M = 0.1 g = 9.8l >
s
Solution:
m
Guesses ar =1 >
s
Nc=1N
T=1N Mg

Given

Teos(¢) - ukNe = May

Tsin(¢) - Mg+ Nc =0

Tsin(¢ - 6’)r— UpNcr=0

ag

Nc | = Find(a;,N¢, T) Ne = 6.164kN T =2382kN a; = 1.33532

T S

ﬂ-‘f{a‘ |

*Problem 17-36

The pipe has a mass M and is held in place on the truck bed using the two boards 4 and B.
Determine the acceleration of the truck so that the pipe begins to lose contact at 4 and the bed
of the truck and starts to pivot about B. Assume board B will not slip on the bed of the truck,
and the pipe is smooth. Also, what force does board B exert on the pipe during the
acceleration?
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Units Used: kN = 10° N

Given:
M = 460 kg
a=05m
b =03m
¢ =04 m
Mg
d=01m
~ 981 —
g =7 >
S
) (b
Solution: 0 = asin| —
a
Guesses
m
Npy =1N Npy = 1IN at=1—2
S
Given
Npy = May Npy-Mg =0 Npx(a) cos(6) - Npyb = 0
Npy

' NBx 3.384 m
Npy | = Find(Ngy, NBy, a;) = kN ar =736 —

Ngy ) (4513
Npx

The drop gate at the end of the trailer has mass M and mass center at G. If it is supported by
the cable 4B and hinge at C, determine the tension in the cable when the truck begins to
accelerate at rate a. Also, what are the horizontal and vertical components of reaction at the
hinge C?

ar

= 5.64kN

Problem 17-37

Given: kN = 103 N

M= 125%10° kg

m
a=5—2 6 = 30 deg
s
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b=15m ¢ = 45 deg

m
c=1m g =981 —
S2

Solution:

Guesses I'=1N C=1N (G =1N

= Ma

Given —Tcos(¢ - H) +Cy=-Ma
~Tsin(¢ - 6) - Mg+ C, =0

Tsin(6)(b + ¢) - Mgbcos(g) = Mabsin(g)

r r 15.708
Cx | = Find(7, Gy, ) Cr|=| 8923 |kN
Cy €y 16.328

Problem 17-38

The sports car has mass M and a center of mass at G. Determine the shortest time it takes for it to
reach speed v, starting from rest, if the engine only drives the rear wheels, whereas the front wheels
are free rolling. The coefficient of static friction between the wheels and the road is z,. Neglect the

mass of the wheels for the calculation. If driving power could be supplied to all four wheels, what
would be the shortest time for the car to reach a speed of v?

Given: ]

M=15x10" kg

km
y = 80 —
hr
Uty = 0.2
b=125m
c=075m
d=035m
~ 98] =
g =72 2
S
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Solution:
(a) Rear wheel drive only Guesses Ngy=1IN Ng=IN ag=1 22
S

Given Ngy+Ngp—-Mg=0 UsNB = Mag

Mgec—Ny(b+c)=Magd

Ny 3
. Ny 5.185x 10 m
Np | = Fmd(NA,NB,ag) = N ag=1271 >
Np 9.53 x 10° s
aG
foy = — try = 17.488 s
aG
(b) Four wheel drive Guesses Ny =1N Ng=1N ag=1 22
S
Given Ngy+Np—-Mg=0 UsNB+ Ny = Mag
Mgc—Ny(b+c) =Magd
Ny 3
. Ny 5.003 x 10 m
Np | = Find(Ny4,Np.ag) = N ag=1962 —
Ng) 9712 % 10° s
aG
fy = — try = 11326 s
aG

Problem 17-39

The crate of mass m is supported on a cart of negligible mass. Determine the maximum force
P that can be applied a distance d from the cart bottom without causing the crate to tip on the
cart.
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Solution: L .
Require N, to act at corner B p mg = {
for tipping. > l b2 p

b h {
Pd—mg < :maG(_ ‘ h
2 2 /
. B ’
-
P =mag R =
LAl g
b h ]
Pd-mgl —|=P — |

mghb
Pmaxz—h
od—- =
(-3

*Problem 17-40

The car accelerates uniformly from rest to speed v in time ¢. If it has weight // and a center of
gravity at G, determine the normal reaction of each wheel on the pavement during the motion.
Power is developed at the front wheels, whereas the rear wheels are free to roll. Neglect the
mass of the wheels and take the coefficients of static and kinetic friction to be x4 and 24

respectively.
Given: a =251t
ft
v =88 — M =02

t=15s b =4t
W =38001b ¢ =3 ft
ft

322 —
2
S

Uy =04 g

ft
Solution: Assume no slipping ag = Y ag = 5.867 >
t
S

Guesses Np =11b Ngy=11Ib Fy=11b

Given 2Ng+2Ny—W =20

w
2F 4 = (—)ag
g

-w
—2Np(b+c¢c)+ Wc = (—)aga
g
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Ny
Np | = Find(Ny,Np,F4) M 2
B = ln b b =
A>7B- T4 Np 938
Fy
Fiax = HsN4

Fy=3461b

Fax = 3851b

Check: Our no-slip assumption is true if F4q = 3461b < Fp;, = 3851b

Chapter 17

Problem 17-41

Block 4 has weight /¥, and the platform has weight ,. Determine the normal force exerted
by block 4 on B. Neglect the weight of the pulleys and bars of the triangular frame.

[f——

Given:
Wi =501b I_'f r
Wy =10 1b A T
= T
P =100 1b T W,
Solution: R

Wi+ W
P—(W]+W2)= T ag

P-1WwW;-1Ww
a =
G =8 Wi+ W

Guesses R =251b

Given

= -t

R
(Tj = Find(R, T) R =333 T=25Ib

Problem 17-42

The car of mass M shown has been “raked” by increasing the height of its center of mass to 4
This was done by raising the springs on the rear axle. If the coefficient of kinetic friction
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between the rear wheels and the ground is £, show that the car can accelerate slightly faster

than its counterpart for which 4 = 0. Neglect the mass of the wheels and driver and assume
the front wheels at B are free to roll while the rear wheels slip.

Units Used: f
3 3
Mg = 10" kg kN =10" N

Given:

M=16Mg a=16m

M =03
O
g=7 52 M
Solution:

In the raised position

Guesses ag =1

“o| B

Given  ypNy=Mag
Ngy+Np—-Mg=0
~Mga+ Np(a +b) = -Mag(h + hj)

aGr
. m
Ny | = Find(ag, Ny, Np) agr=141 =
Np s
In the lower (regular) position

Given

U Ny = Mag Ngy+Np-Mg=0 —-Mga+ Ng(a+b)=-Magh;

agl
. m
Ny | = Find(ag, N4, Np) ag =138 =
Np s
Thus the advantage in the raised position is agr—ag) = 0.03 %

S
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Problem 17-43

The forklift and operator have combined weight /# and center of mass at G. If the forklift is used to
lift the concrete pipe of weight /¥, determine the maximum vertical acceleration it can give to the

pipe so that it does not tip forward on its front wheels.

Given:

W =100001b b=51ft d=61t

fi
Wp=20000b c=4ft g=322-

S

h b

Solution:
. . W
It is required that Nz=0 < #P > i
|
w, i
pr—Wc=——pab /
g |I
A
L We— pr g
Wp b !
ft
a=96.6—
52 =
b

*Problem 17-44
The forklift and operator have combined weight 7 and center of mass at G. If the forklift is used

to lift the concrete pipe of weight /7, determine the normal reactions on each of its four wheels if
the pipe is given upward acceleration a.
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Chapter 17

Units Used:
kip = 10° Ib
Given:
Wy, = 2000 Ib
W = 10000 1b
ft
a=4—
2
S
b =5 ft
c=4ft
d=6"ft
_ 98] =
g =981 =
S
Solution:
Guesses
Ngy=11b
Ng=11b
Given
Wp
ANg+2Ng-W—-Wy =|—a
g

2Ngb—W(b+c)+2Ng(b+c+d) =0

(NAJ = Find(Ny, Np)

Np

Ny 4.686
= kip
Np 1.438

h

L o

534



Engineering Mechanics - Dynamics Chapter 17

Problem 17-45

The van has weight W, and center of gravity at G,. It carries fixed load W, which has center of
gravity at G,. If the van is traveling at speed v, determine the distance it skids before stopping. The
brakes cause all the wheels to lock or skid. The coefficient of kinetic friction between the wheels
and the pavement isz, . Compare this distance with that of the van being empty. Neglect the mass of

the wheels.

Given:

W, =45001b b =2 ft ;

Wy =8001 ¢ =31t
ft ¢
v =40 — d=4ft
s
M =03 e = 6 ft 1
f=2ft =322 ft
a &= 2 Wy W
T L \\ ;._:.' i
Solution:  Loaded | rﬁ AP ==
N g Ny _(..-' A g8
ft Ny 1’"".
Guesses Ny=11b Ng=11b a=1 > f+b+e
S
Given

Ngy+Np—-W,—W;=0
w, + W
/Jk(NA—i-NB) = T a

k(3
-Ng(f+b+c)+Wib+c)+W,c=|—|ae+|— |ad
g

g
Ny
Np | = Find(Ny,Np.a) M s
= Fin ,Ng.,a =
B 408 Ng ) L1523
2
fi
a=966—  dj=-— d=82816f
2 2a

S

Unloaded W; =01b

ft
Guesses Ngy=11Ib Ng=11Ib a=1—2

s
Given Ng+Ng—-W,-W;=0
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w, + W
Ny + Np) = B a

e (3)
-Ng(f+b+c)+Wib+c)+ Wy,c=|—|lae+|— |ad
g

g
N4
Np | = Find(N4,Np.a) M P
= Fin s ,a =
b A8 Np 1157
¢ 2
ft v
= 9.66— dy = —
a 5 ul 24
S
dy; = 82.816 ft

The distance is the same in both cases although the forces on the tires are different.

Chapter 17

Problem 17-46

The “muscle car” is designed to do a “wheeley”, i.e., to be able to lift its front wheels off the
ground in the manner shown when it accelerates. If the car of mass M, has a center of mass

at G, determine the minimum torque that must be developed at both rear wheels in order to do

this. Also, what is the smallest necessary coefficient of static friction assuming the
thick-walled rear wheels do not slip on the pavement? Neglect the mass of the wheels.

Units Used:
Mg = 103 kg
.
KN = 10° N |
Given:
M; =135 Mg
a=110m Mg
b =176 m

o Oy O

4 y
= 9.81 = 1 f
£ 5 a !
Ny Ny=0
Solution:
m
Guesses ch=1—2 Fy=1N Ngy=1N M=1Nm pu;=0.1
s

536



Engineering Mechanics - Dynamics
Given i,
Fgy=Mjag '['...
Ng-Mjg=0
M e
Mjga=Mjage A
-M+F4qd=0
Ny
Fy = usNyg
ag
Fy
' Fy 21.7
Ny | = Find(ag,F4,Ng, M, ts) = kN M = 6.74kN-m
Ny 13.2
M
B m Ly = 1.642
L ag = 16.11 3

S

Chapter 17

Problem 17-47

The bicycle and rider have a mass M with center of mass located at G. If the coefficient of
kinetic friction at the rear tire is 15, determine the normal reactions at the tires 4 and B, and

the deceleration of the rider, when the rear wheel locks for braking. What is the normal
reaction at the rear wheel when the bicycle is traveling at constant velocity and the brakes are
not applied? Neglect the mass of the wheels.

Given:

M =80kg up =038
a=05m bH=04m

c=12m

Solution:  Deceleration:

m
Guesses ag =1 >
s

Ng=IN Ny=1IN

Given UBNB = Mag Ngy+Ngp—-Mg=0

—-Np(a+b)+Mga=Magc
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ag
Np | = Find(ac;,NB ,NA)
Ny

Equilibrium

Given Ng4+Ngp—-Mg=0

—Np(a+b) + Mga=0

Ny
ol = Find(Ny, Np)

()=o)

Chapter 17

A

*Problem 17-48

The bicycle and rider have a mass M with center of mass located at G. Determine the minimum
coefficient of kinetic friction between the road and the wheels so that the rear wheel B starts to lift
off the ground when the rider applies the brakes to the front wheel. Neglect the mass of the wheels.

Given:
M = 80 kg
a=05m
b =04m
c=12m

Solution: N =0

m
Guesses ag =1 >
S

Hi = 0.1

Ngy=1N
Given  ypNy=Mag
Ng-—Mg=0

Mga=Magc
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ag
#k | = Find(ag, uk, Na)
Ny

Ny=785N

aG = 4.50 32 L = 0.458
S

Mg

Chapter 17

Problem 17-49

The dresser has a weight /¥ and is pushed along the
floor. If the coefficient of static friction at 4 and B is x4
and the coefficient of kinetic friction is s, determine the

smallest horizontal force P needed to cause motion. If
this force is increased slightly, determine the acceleration
of the dresser. Also, what are the normal reactions at 4

and B when it begins to move?

Given:

W (]
W = 80 1b P P
P 1
ﬂs = 0.3
L
M =02 -
a=15ft
A T
b = 2.5 ft I _‘."'lr_li Ji..:a\'rllll
¢ = 4ft N, Ny
W
P
Solution:  Impending Motion l R
Guesses P=11Ib ¢
Ng=11b Ng=11b A
Given Ngy+Np—W =0 1Ny it Np

HsNg + pgNp—P =0

Pc+Wa—-Ny(2a) =0

539
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P
Ny 72
N4 | = Find(P, Ny, Np) vl =g ) P =241b
Np B
. ft
Motion  Guesses ag =1 >

S

-w
Given Ng+Np—-W=0 ukNA+ﬂkNB_P:(_)aG
g

P(c—b) + ui(Ng + Np)b + Nga — Nga = 0

Ny

A

N, Find(Ny,Np. ag) 633 Ib 3 8

B | = Find(N4,Np,a = aG = 3.22—
G N3 14.7 ¢ 2

aG

Chapter 17

Problem 17-50

The dresser has a weight W and is pushed along the - -

floor. If the coefficient of static friction at 4 and B is £
and the coefficient of kinetic friction is £, determine the

maximum horizontal force P that can be applied without
causing the dresser to tip over.

Given:

W =801b — 5 -

py = 0.3 _—

ﬂk = 0.2 -

a=15ft y AR

i

b=25ft B g

c=4ft

Solution:

Dresser slides before tipping occurs ——

Guesses
a i

Ngy=11Ib

N,
P = 1 lb '“: A J,J'l F = ”

ft N Fe
ag = 1 —2 "l'.'l N=10
S
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Given
-w
Ng—-W=20 ykNA—P=(—)aG P(c—b) —Nga+ upNgb =0
g

Ny

fi
P | = Find(Ny,P,aq) aG=1502— Ng=80b  P=533lb

aGg S

Problem 17-51

The crate C has weight # and rests on the truck elevator for which the coefficient of static friction is
M. Determine the largest initial angular acceleration « starting from rest, which the parallel links AB

and DE can have without causing the crate to slip. No tipping occurs.

Given:
W =150 1b
Uy =04
a=2ft
0 = 30 deg
=322 ft
g = oz >
s
Solution:
o rad
Initial Guesses: N¢ = 1 1b a =1 Y
S r
Given h:r
! T o
w ' = el
HsNC =|— aacos(@)
4 .
Fe=p N +
/4 .
Nc—-W = (—) a(a) s1n( 6’) Ne
g
Nc d
( j — Find(Nc,a) ~ Nc=1950431b = 9.669%
o s

*Problem 17-52

The two rods EF and HI each of weight W are fixed (welded) to the link AC at E. Determine
the normal force N, shear force V', and moment M, which the bar AC exerts on FE at E if

at the instant @link 4B has an angular velocity @ and an angular acceleration o as shown.
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Given: F
ft
W =31Ib a=2f‘[g=32.2—2
S - i -
0 =30deg b =21t H
[]
d
w=5— c=3f
s b
d ; F
o =8—= d=3f
2
S L]
. !
Solution:
a
Wa+ W| —
! V{z)
X =
2w
2
agn = co
aGt = ca ziﬁﬂ'r;,
&
Guesses ¢
Vg =11b : -
Ng =11b W
- Ui
Mg =1 1b-ft
w w
Given 2W-VEg= —2(—)aGtcos(6’) - 2(—}1(;,1 sin( 0)
g g
w w
Ng = 2(—jag,, cos(6) - 2(—)&Gtsin(0) Mg—VEx'=0
4 g
VE
N, Find(Vg, Ng, ME) Ve (o8 b Mg=7291bft
E = m 9 9 = = . .
E-RETE VE 4.86 E
MEg

Chapter 17

Problem 17-53

The disk of mass M is supported by a pin at 4. If it is released
from rest from the position shown, determine the initial horizontal
and vertical components of reaction at the pin.

Given:

m
M = 80 kg g=9.81—2

S
r=15m
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. rad
Solution: Guesses Ay =1N 4, =1N a=1 —
S
. 3.2
Given Mgr:EMra' -Ax =0 Ay -Mg=-Mra
Ax
. rad Ax 0
Ay | = Find(4y, 4y, @) a=436— = N
2 A 262
S Y
a

Problem 17-54

The wheel of mass m,, has a radius of gyration k. If the wheel is subjected to a moment M = bt,

determine its angular velocity at time ¢ starting from rest. Also, compute the reactions which the
fixed pin 4 exerts on the wheel during the motion.

Given:
my, = 10 kg t=3s My
— 200 _9g1 I ~M
kg =200 mm g =938 > A, Y
s
m
b=5N— A,
S )
Solution:
bt
bt = mkaza a =
2
my, kg
bt2 rad
o = — w=562—
2myy, kg S

A Ax ’ N
= m =]
y T Twk 4,) (981

Problem 17-55

The fan blade has mass m,, and a moment of inertia /, about an axis passing through its center O.

If it is subjected to moment M = A(1 — ¢) determine its angular velocity when 7=t | starting

from rest.
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Given:

m
mp = 2 kg
Ip = 0.18 kg- 2
A =3Nm
. 0,
b=-02s
t] =4s
Solution:
A bt
Al =) = 1o a=—( —e 1)
Io
A 1 1 b1y rad
w=—|tj]+———e o =208 —
1o b b S

*Problem 17-56

The rod of weight W is pin-connected to its support at 4 and has an angular velocity @ when it
is in the horizontal position shown. Determine its angular acceleration and the horizontal and
vertical components of reaction which the pin exerts on the rod at this instant.

Given:
o d W
S
al2
W =101b m
"1'.1‘ L
_ . 1
a = 6ft 1k
=322 ft
8= ' ? .-"I..,_. le i -
Solution:
Wy 2
Ay = (—)a) (fj Ay = 1491b
g 2
a (W) 2 3 rad
W—=—-—|a«a a=—g a = 8.05—
2 3\g 2a S2
/4

w a
Ay:W— — la] — Ay=2.501b
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Problem 17-57

The pendulum consists of a disk of weight /¥, and a slender rod of weight ¥,. Determine the

horizontal and vertical components of reaction that the pin O exerts on the rod just as it passes
the horizontal position, at which time its angular velocity is .

Given: i
rad S : i}
Wp; =151b = 0.75 ft =8 — - ¥
b
Wy =101 b =3 ft e "
- h .
W, W, H:__" (i + b) w? V.
1 P e == (b2)w?
I 0 Uglpe e ™ 987 8
::; r. — — :( f k I
Ry T 0y A
W, .
r}y —Lla+h) T (b2}
g
1( Wi Wi 12
Solution: I = —(_) a2 + (_j(a + b)z + _(_j b2
2\ g g 3\ g
rad
Guesses «a = 10 — Oy = 100 1b Oy, =51b
2
S
i Wi W2\b
Given Oy~ Wi —W;= ——(a+b)a—[—j—a
g g )2
Wi 2 (W2)(b) 2
Oy=|—l|a+D) o +|— |- |o
g g 2
b
Wila+b)+ W E = lpa
“ (@)
d X 141.61
Ox | = Find(a, 0y, 0y) a =936 _ Ib
2 (@) 4.29
S y
Oy

Problem 17-58

The pendulum consists of a uniform plate of mass M; and a slender rod of mass M,. Determine the
horizontal and vertical components of reaction that the pin O exerts on the rod at the instant shown at

which time its angular velocity is .
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M; =5kg a=05m

My =2kg b=02m e
rad : =
w=3— ¢=03m v \
S =
h —
\ ot
g = 98l m g =30 deg e
2
s 0,
Solution: M =M;+ M
2 4o 0
1 2 2 ¢ 1 2 g - 1
Io=—M|\b"+c")+Mjla+—=| +=Mra N T
0=7 1( ) 1( 2) 32 ,---f""f "7~
g \—
c a \ \
Mjla+—|+ My — '-\ -
2 2 \ -
d = \_—
M Mg
rad
Guesses Oy =1N O, =1N azl—2
s
. . 2
Given Oy =Mda sm(H) + Mdo cos(&) Mgdcos(@) =Ilpa
2 .
0y-Mg= —Mdacos(é’) + Mdo sm(@)
Ox
. rad Ox 54.8
Oy | = Find(0y, 0y, a) a=13.65— = N
52 Oy 41.2
a

Problem 17-59

The bar of weight 7 is pinned at its center O and
connected to a torsional spring. The spring has a stiffness
k, so that the torque developed is M = k6. If the bar is
released from rest when it is vertical at = 90°, determine
its angular velocity at the instant 6= 0°.

Given:
W =101b
Ib- ft
k=5—
rad
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a=1ft
=322 fi
g = Sz >
S
Solution:
1 (W 3k 2 0)02
—k@=—| — (2(1)20( az_—gg ﬂ____
12\ g Wa2 2 2
kg (7 2 rad
o = —\5 w=10917 —
Wa 2 S

Chapter 17

*Problem 17-60

The bar of weight w is pinned at its center O and connected to a torsional spring. The
spring has a stiffness £, so that the torque developed is M = k@. If the bar is released from
rest when it is vertical at €= 90°, determine its angular velocity at the instant 6= 6,.

Given:
W =10 Ib
Ib- ft
k=5——
rad
a=11ft
=322 ft (]
g - . 2 v
S
0] = 45 deg
Solution:
1 (W -3k
k6= —(—)(261)20{ o= —fa
12\ g Wa
2
o @ ~ —3kg(¢92 % j
2 2 Wa2 2 2
3k d
o = /—g[wo deg)” — 912] w=945422
2 S
Wa
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Problem 17-61

The roll of paper of mass M has radius of gyration k, about an axis passing through point 4. It is

pin-supported at both ends by two brackets 4B. If the roll rests against a wall for which the
coefficient of kinetic friction is 4 and a vertical force F is applied to the end of the paper, determine

the angular acceleration of the roll as the paper unrolls.

Given:

M = 20 kg a = 300 mm

kg =90mm b = 125 mm

m
M = 0.2 g =981 —
2 g
S
N _51
F =30N
FN
. a
Solution: 0 = atan(z)

Guesses Nc=1N a=1 > T4B

Given Nc - TABcos(ﬁ) =0

TABsin(Q) - upNc—-Mg—-F=0

Fb— uNch = Mig a

Nc

. Nc 102.818 rad
a | = Find(Nc, o, T4p) o 17 g7 300 N a=1281—
AB .

TyB

Problem 17-62

The cylinder has a radius » and mass m and rests in the trough
for which the coefficient of kinetic friction at 4 and B is y . If a

horizontal force P is applied to the cylinder, determine the
cylinder’s angular acceleration when it begins to spin.

Solution:

P~ (Ng — Ny)sin(6) + ux(N4 + Np)cos(6) = 0

(NA + NB)COS(H) + ,uk(NB - NA) sin(H) -mg=0

548



Engineering Mechanics - Dynamics

Ui\Ng + Ng) — P r:_—lmrza
Caalova+5) ~ P =

Solving
mg — P
Np+Np=———
cos(@)(l + Uy )
ugmg + P
Np =Nag = ————
sin(a)(1 + oy )
2| mg—uwP | op
o= =

g Lcos(&)(l + ,ukz) mr

mg

Chapter 17

Problem 17-63

The uniform slender rod has a mass M. If the cord at 4 is cut, determine the reaction at the
pin O, (a) when the rod is still in the horizontal position, and (b) when the rod swings to the

vertical position.
Given:
M =5kg

a = 200 mm

b = 600 mm
- 9.81 =
g =2 2
S
(h=af2
P — —
(H o
Y
0, Mg
. b -
Solution: L=a+b d = 5 a
(a) In the horizontal position
m rad
Guesses ag =1 — a=1—
s2 52

Given ag= ad Mgd = Ilpa

0

'rr,' I3

A

[Fr—::l-".";"

Ma;

I
Io = EML2 M

Oy = 1N

~0,=0

549
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Ox
Oy . m rad Ox 0.0
= Find(Ox.0y.ag.a) ag=420= a=210— = N
aG s S Oy 28.0
a
Ox
=28.0N
Next examine a general position Oy

Mgdcos(@) = Ilpa

a= Mgd cos(@)
lo
2 S
@ M Gu(o)
2 o Wil

[2Mgd |
W= & sin( 9) Mg
Ip ‘
, 2M
(b) In the vertical position (6= 90 deg) w = 7 gd sin(90 deg)
(0]

Guesses a=1— Oy, =1N O, =1N

. 2
Given 0=Ipa Oy = —Mad Oy-Mg=Mdow

Ox
— 911N
Oy

a
d [Ox 0.0
Oy | = Find(@,0,,0)  a=00= [ J:( jN
o,) \ou1

S
Oy

*Problem 17-64

The bar has a mass m and length /. If it is released from rest from the position shown, determine its
angular acceleration and the horizontal and vertical components of reaction at the pin O.

Given:

0 = 30 deg

Solution:

mgé cos(&) = %mlza
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Oy = méasin(@)

Oy—-mg = —méacos(@)

mili2e
Solving
g

3 3 3 2
az—gcos(ﬁ) Oy = mgsin(2t9) Oy =mg 1——005(9)

21 8 4

3 3 3 2
k; = —cos(ﬁ) ky = —sin(29) k3 =1- —cos(H)

2 8 4
a=k1§ Oy =kymg Oy =kzmg
k; =1.30 k> = 0.325 k3 = 0.437

Problem 17-65

The kinetic diagram representing the general rotational motion of a rigid body about a fixed axis
at O is shown in the figure. Show that / ;& may be eliminated by moving the vectors m(a,) and
m(ag,,) to point P, located a distance rp = k?/7; from the center of mass G of the body. Here
kg represents the radius of gyration of the body about G. The point P is called the center of
percussion of the body.

S H
\
Fa
5
//
Mmidg L \ \\ i)y
L o b :
G 74 _ |
P
_miag], e
ft
Tog
“\<’"
Solution:
oo+ rgp
2 aGt
Ig =mkg = mrgproGg a=a
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aGt
magGgiroG + Igo = magirog + (m roG ”GP) %

magroG + lga = maGt(”OG + ”GP) Q.E.D.

Problem 17-66

Determine the position of the center of percussion P of the slender bar of weight 7. (See
Prob. 17-65.) What is the horizontal force at the pin when the bar is struck at P with force F?

Given:
o
W =10 1b ¥ & ¥
A
F=201b A_ﬁ.
A
L =4ft A —
) 32 2 ft 'rf' X
g =322
S L 'y
Solution k —L
: G = -— :
V12 p F F
From Prob 17-65
1 U

2
L ke
"p = 3 + 7 rp = 2.667 ft
2
rad
Guesses Ay =11b a=1 —
s
. -w L -1 W) 2
Given Ay —F=|—|a| — —Frp=—|—|L «a
g 2 3\g
A d _
( xj = Find(4y, ) =322 Ay =235x 107 b
a s

A zero horizontal force is the condition used to define the center of percussion.

Problem 17-67

The slender rod of mass M is supported horizontally by a spring at 4 and a cord at B. Determine
the angular acceleration of the rod and the acceleration of the rod ’s mass center at the instant
the cord at B is cut. Hint: The stiffness of the spring is not needed for the calculation.

Given:
M = 4 kg
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Solution: A

Since the deflection of the
spring is unchanged, we have

Mg
Fa=—F l‘w" G \ '
' 1 = [ = ——— T |
L1, Sl B ¥ |
Fy—=—ML « iy, 1 magy
2 12 F,
0F 4 rad
a =— a=147—
ML 2
s
Fy m m
Fqp-Mg=-Magy aGy:g_ﬁ a(;y=4.91—2 an=0—2
S S

*Problem 17-68

In order to experimentally determine the moment of inertia /; of a connecting rod of mass M,

the rod is suspended horizontally at 4 by a cord and at B by a bearing and piezoelectric sensor,
an instrument used for measuring force. Under these equilibrium conditions, the force at B is
measured as F,. If, at the instant the cord is released, the reaction at B is measured as F5,

determine the value of /;. The support at B does not move when the measurement is taken.
For the calculation, the horizontal location of G must be determined.

Given:
M = 4 kg
F; =146 N A a -

F 93 N (’__\‘ m
T —

a = 350 mm v—\‘.\/"‘
g =7 5

S

Solution:

Guesses

x=1mm Ig=lkgm® 4, =IN @a=1-"=

553



Engineering Mechanics - Dynamics

Given

Ay-Mg+F;=0
—-Mgx+Fja=0

Fry—-Mg=-Ma(a - x)

Mg(a—-x) = |:Ig+M(a—x)2]a

= Find(x, /. 4y, @)

x = 130mm

Ay =246 N

Chapter 17

|\ a

rad
a=341—
2
S

IG = 0.0600 kg-m”

Problem 17-69

Disk D of weight I is subjected to counterclockwise moment M = bt. Determine the angular velocity
of the disk at time ¢ after the moment is applied. Due to the spring the plate P exerts constant force P
on the disk. The coefficients of static and kinetic friction between the disk and the plate are s and z;

respectively. Hint: First find the time needed to start the disk rotating.

Given:
W =10 b Mg =03
Ib- ft
b=10——  uy; =02
s
t=2s r=0.5ft
ft
P =100 Ib g=32.2—2
s
Solution: When motion begins
ugPr
bt; = ugPr 1] = 5

At a later time we have

L(w
bt— ypPr= —(—) rza
2\g

t;j=15s

a = z—gz(bt— ,ukPr)
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2g [b d
o = _g[_(f I . 11)} © = 96.6
212 s

Problem 17-70

The furnace cover has a mass M and a radius of gyration k about its mass center G. If an

operator applies a force F to the handle in order to open the cover, determine the cover’s initial
angular acceleration and the horizontal and vertical components of reaction which the pin at 4
exerts on the cover at the instant the cover begins to open. Neglect the mass of the handle

BAC in the calculation.

Given:
F . :\{
M=2k a=07m e A
kG =025m b =04m )
F = 120 N Cc = 025 m A D:lT 5
By
d=02m A | ;
&} '
C 8l — :
Solution: 0 = atan
b+d h
I_ i
rad |
Guesses a=5— - =
2 |
S
Ay = 50N
A4y, =20N
Given
Ax—F:M(c+b)acos(t9) F

Ay~ Mg = M(c + b)asin(6)

Fa-Mge- Mcza+M(c+b)2a - Mib+c) ulf.rj? b+ d)
e
a g "ﬁ 1o
Ay | = Find(a, 4y, 4y) fe!
Ay

vl Ax 163
a = 360—2 = N
. Ay 214
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Problem 17-71
The variable-resistance motor is often used for appliances, pumps, and blowers. By applying a
current through the stator S, an electromagnetic field is created that “pulls in” the nearest rotor poles.

The result of this is to create a torque M about the bearing at 4. If the rotor is made from iron and
has a cylindrical core of mass M, diameter d and eight extended slender rods, each having a mass

M, and length /, determine its angular velocity at time ¢ starting from rest.
Given:
M; =3kg [ =100mm
My =1kg d=50mm

M=4Nm t=5s

Solution:

o = at o = 380—
S

*Problem 17-72
Determine the angular acceleration of the diving board of mass M and the horizontal and vertical
components of reaction at the pin 4 the instant the man jumps off. Assume that the board is

uniform and rigid, and that at the instant he jumps off the spring is compressed a maximum
amount ¢ and the board is horizontal.

Units Used:

KN = 10° N

Given: A (3t )

M =25 kg
o = 200 mm

kN
7 2=

m

a=15m

556
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Chapter 17
b=15m
Mg
m
g=9815 = 0 Nhe
2 A, =
S l l a i
Solution: A, kd Mia+b) ,
E a
rad -
Guesses Ay =1N 4, =1N 05:1—2
S
: 1 2
Given -Mga+ kda = EM(a +b) «a
a+b
Ay =0 ~Ay - Mg+ k& = Ma
2
Ax
. rad Ax 0
Ay | = Find(4y, 4y, @) o =231— = N
s2 4, 289
a

Problem 17-73

The disk has mass M and is originally spinning at the end of the strut with angular velocity . If it
is then placed against the wall, for which the coefficient of kinetic friction is z, , determine the

time required for the motion to stop. What is the force in strut BC during this time?

Given:

M = 20 kg
rad

o =60 —
S

Ui =03

6 = 60 deg

r = 150 mm

— 981 X2
g =981 —
S

Solution:

Initial Guess:

Fecp =1N a=1— Ngy=1N
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Given FCBcos(ﬁ) -Ngy=0

Fepsin(6) - Mg + ppNg = 0

12
Ui Ngr = EMr a

Fcp
. rad
Ny | = Find(Fcp, Ny, @) a=19311—  Nj=9.6N Fcp=193N

S

w
t=— t=3.107 s
a

Problem 17-74

The relay switch consists of an electromagnet £ and an armature 4B (slender bar) of mass M
which is pinned at 4 and lies in the vertical plane.When the current is turned off, the armature is
held open against the smooth stop at B by the spring CD, which exerts an upward vertical force
F on the armature at C. When the current is turned on, the electromagnet attracts the armature at

E with a vertical force F. Determine the initial angular acceleration of the armature when the
contact BF begins to close.

Given: o
g
M =20 gm =
|—|—"I'
F=08N
F¢ =085N
a = 20 mm | -
k e
b = 30 mm A :
¢ = 10 mm
Solution:
a+b+ec 1 2
Fyge—-Mgl——— | -F(a+c¢)=—M(a+b+0) «
2 3 F, Mg

a+b+ec T l
Mgl ——— |+ F(a+c¢) — Fgc A, - a M
2 -
a =3 > AL,
M(a+b+c)
1 F
o = 891724
2
S
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Problem 17-75

The two blocks 4 and B have a mass m and mp, respectively, where mz>m,,.

If the pulley can be treated as a disk of mass M, determine the acceleration of
block 4. Neglect the mass of the cord and any slipping on the pulley.

Solution:

a= ar

2 2 2
MBEr—mygr = EMr a+mproa+myra

glmp - my) F
a= T
1 r
{EM +mp+m A)
My
 emp-my) 8
EM + mp + my maE Mgy Ak mgot

*Problem 17-76

The rod has a length L and mass m. If it is released from rest when 6= 0°, determine its angular
velocity as a function of 8. Also, express the horizontal and vertical components of reaction at the
pin O as a function of 6.

Solution:

a= 3—sin(ﬂ)
2
% = 3—(1 - cos(H))

Ox = mgacos(e) - m% wz sin(&) , / mg

o, — L

2 ¥

i} t
0, = gsin(e)G cos(6) - E) 0
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Oy - mg = _m@asm( ) - m@ o cos(6)

3 3 2 3. 2
0y = mg(l - Ecos(é’) + Ecos(ﬂ) - Zsm(ﬁ) j

Problem 17-77

The two-bar assembly is released from rest in the position shown. Determine the initial
bending moment at the fixed joint B. Each bar has mass m and length /.

A I B
I3 > B,

g
- N 2
A2 I’ iTp) B, !
i 1 | i g / I
g ( . g2
Ay ma =.l:u(."‘+{%-"} o
C
Solution:
2
1 1 / 5
]A:—m12+—m12+m12+ | |=2mP
3 12 2 3
/ 9 g
—+mgl=1 a a=—=
mey TmEI = 10 7
1 l / 1 3
M=—m12a+m— al — =—m12a My=—mgl
12 2 2 3 10

Problem 17-78

Disk A has weight W and disk B has weight Wp. If no slipping occurs between them, determine the
couple moment M which must be applied to disk 4 to give it an angular acceleration «a 4.

Given:
Wy=5lb ry=05Tft L
Wg=101b rg = 0.75 ft —~M o
i \"ﬂ '
d r o ’-F |'.
aA = 4 g : 1 ,I'f .__.-"'
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Np

Solution: By
rad

Guesses ag =1 > M =11Ib-ft Fp=11Ib
S

Given

1{ W4 2
M—FDI"A=E ? rqg Oy(g

M
d
ap | = Find(M, ap,Fp)  ap= 2.67% Fp=03111b
S
Fp

1 WB 2
FDI"B=E ? YR OB

Chapter 17

rqc4 = rBAB

M = 0.2331b-ft

Problem 17-79

The wheel has mass M and radius of gyration kj. It is originally spinning with angular velocity w;. If

it is placed on the ground, for which the coefficient of kinetic friction is ., determine the time
required for the motion to stop. What are the horizontal and vertical components of reaction which

the pin at 4 exerts on 4B during this time? Neglect the mass of 4B.

Given:

M = 25kg |

kg = 0.15 m =
rad A

o] =40 —
S

uc =05

a=04m

b=03m

r=02m

O
g =72 2

561
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. rad
Solution: Guesses Fyp=1N Nc=1N a =1 —
S
Given a
“UcNc—| ——=||Fup=0
[\/ az + sz
b
Nec-Mg+|———|F4p=0
2 2
va +b
2
UCcNcr=-Mkp «
Fyp
. Fyp 111.477 rad
Nc¢ | = Find(F45.Nc. @) = N a=-31.709—
Nc 178.364 52
a
]
t = — t=1261s
-a
- Fap (a . 89.2 N
AT T = 3\ A7 669
a +b

=Y
)

-y
r @ A |

Problem 17-80

The cord is wrapped around the inner core of the spool. If block B of
weight W is suspended from the cord and released from rest, determine

1
|

the spool’s angular velocity when ¢ = ¢;. Neglect the mass of the cord. J
The spool has weight W and the radius of gyration about the axle 4 is iy ¢
k4. Solve the problem in two ways, first by considering the “system”
consisting of the block and spool, and then by considering the block and
spool separately.
W,
Given: - Ly
Wp =51b 5
t;] =3s -
Wg = 180 Ib B
kg = 1.25 ft A,
rp=15ft
[ ] L ]
ro =275 ft
ft Y Y Wy
= — W I
g =322 B i

S
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Solution:

(a) System as a whole

Ws 2 Wp Wprig rad
Wpri=|— kg a+|— (r,-ar,') @=—""— a = 0.826—2
& & Wpri + Wsky s
rad
o = at] w=2471—
s
rad
(b) Parts separately Guesses T=1©b a=1 Y
s
. Ws) 2 s r .
Given Tri=|— k4 @ T-Wg=|——|ar = F1nd(T, a)
g g a
rad rad
T =4.8081b a= 0.826—2 w = at] =247 —
S
S

Problem 17-81

A boy of mass my,, sits on top of the large wheel which has mass m,, and a radius of gyration k. If

the boy essentially starts from rest at = 0°, and the wheel begins to rotate freely, determine the
angle at which the boy begins to slip. The coefficient of static friction between the wheel and the boy
is u,. Neglect the size of the boy in the calculation.

Given:
mp = 40 kg M5 8 my (ke
) T N <Y
my,, = 400 kg - - g, (e F
_ T s r
’ o)
r L 'g
kG = 5.5 m Oy =L/
tsg = 0.5 g
i
r=8m
II'!'\."E..'!. I dd
= 9.81 = ‘;ﬁs
g =7. 5 Ig.'_\"
S
Solution: Assume slipping occurs before contact is lost
mpgr
mbgrsin(é’) = (mb r2 + mwkgz)a a = — 5 sin(6’)
mpr- + my kG
rad rad

Guesses 0=10deg a =1 wo=1— Fy=1N
s

S
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. 2 .
Given Fy— mbgcos(H) = —mpro HeFN — mbgsm(H) = —-mpra
mpgr a;z mpgr
o= sin(@) — = (1 - cos(@))
2 2 2
mpr- + my kG mpr- + mykGg
0
= Find(ﬁ, a,o, FN) Since Fn =322 N >0 our assumption is correct.
10}
Y d d
c2=OJO7E% w=023822  9-298deg
s

S

Problem 17-82

The “Catherine wheel” is a firework that consists of a coiled tube of powder which is pinned at
its center. If the powder burns at a constant rate m' such that the exhaust gases always exert a
force having a constant magnitude of F, directed tangent to the wheel, determine the angular
velocity of the wheel when £ of the mass is burned off. Initially, the wheel is at rest and has
mass my and radius . For the calculation, consider the wheel to always be a thin disk.

Given:
W
m
m =20 £2
s
F=03N ) T
A \
y [ i
mp = 100 gm —|I—)-F
.\ ct F
rg = 75 mm \ /
k= 0.75 C, F
Solution:
mg
The densityis  p = —
7
The mass is m=myp—m't=(1-kymy
kmg
t] = — t;] =375s
m
my—m't

Find the radius

mg—m'l‘:pmf2
pr
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1
Dynamics Fr= Em r20:
1]
2F\ prx
0=| —LZ_q
(m() - m’t)3
0

o = 800 —

Chapter 17

pr

(m() - m’t)3

Problem 17-83

The bar has a weight per length of w. If it is rotating in the vertical plane at a constant rate @ about
point O, determine the internal normal force, shear force, and moment as a function of x and 6.

ali}

Solution:
wxy) 2
N - wxcos(@) = (—ja) (L -
g
S - wxsin(H) =0
X
M-S—=0
2

Problem 17-84

A force F is applied perpendicular to the axis of the rod of weight W and moves from O to 4 at a
constant rate v. If the rod is at rest when = 0° and F is at O when ¢ = 0, determine the rod’s
angular velocity at the instant the force is at 4. Through what angle has the rod rotated when this

occurs? The rod rotates in the horizontal plane.

Given:

F=21Ib
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W =51b
ft
v=4—
S
L =4ft
ft /f i
g=322— AN
2 )"
S
Solution: F
1 W 2 L
Fvt=——0L"« t = — t=1s
3¢ v
3F 3F d
a= Vft o = ng t2 a)=4.83£
WL 2WL s
F
0 = ng £ 0= 92.2 deg
2WL

Problem 17-85

Block A4 has a mass m and rests on a surface having a coefficient of kinetic friction z4. The cord

attached to 4 passes over a pulley at C and is attached to a block B having a mass 2m. If B is released,
determine the acceleration of 4. Assume that the cord does not slip over the pulley. The pulley can be
approximated as a thin disk of radius » and mass m/4. Neglect the mass of the cord.

Solution:
Given [ y
T) — pgmg =ma |

Ty -2mg=-2ma

T T 1({m) 2 |
r—Tr=—|—|ra
A

a=ar
Solving - 1/4mg
mg T, Iy B
mg :
Ty = =2(16+ 17uy) 4 B . 1
=T - r
Ly ——— ( ~
2m 1 N,= ¥ - B
T = 2_5g(9 + Syk) Ny = g 2y i, T
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8
= 552 )
_ 388, _
‘= 25( )

Problem 17-86

The slender rod of mass m is released from rest when €= 6,. At the same instant ball B having the

same mass m is released.Will B or the end A of the rod have the greatest speed when they pass the
horizontal? What is the difference in their speeds?

Given:

Gy = 45 deg

Solution: At horizontal 6 = 0 deg

I sin

Rod

mg% cos(@) = %mlza

a= 32—‘?(:05(6’) !
a)z 3

2 = 2(in(0y) - sin( )

o= /ilg(sm(g()) —sin(9)) vi = ol = \[3elisin(6g) — sin(3))
Ball
mg=ma a=g
2

v? = gl(sin(é’()) - sin(gf))
v =y 2¢/(sin(8y) - sin(6)))

Define the constant k= (\/3 - \/3)\/ sin(ﬁ()) - sin( Hf)

A has the greater speed and the difference is given by Av = k\/g_l

k= 0.267
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Problem 17-87

If a disk rolls without slipping, show that when moments are summed about the instantaneous center
of zero velocity, /C, it is possible to use the moment equation ZM;-= I, o, where /- represents the

moment of inertia of the disk calculated about the instantaneous axis of zero velocity.

Solution:

b EMe=X(Mp) s IMpc = Iga + magr

Since there is no slipping, ag = ar

Thus, EMjc = (IG + mrz)a v

By the parallel - axis theorem, the term in parenthesis represents /7

IMic = Iica QED

*Problem 17-88

The punching bag of mass M has a radius of gyration about its center of
mass G of k. If it is subjected to a horizontal force F, determine the initial

angular acceleration of the bag and the tension in the supporting cable AB.

Given:

M=20kg bH=03m

kG=04m c¢=06m

m
F=30N g = 9.8l —2
S
a=1m
Solution: T
T-Mg=0 T =Mg T=1962N b
F d F—_|
Fe= Mgt a o = 62 a=5.625% |
Mkg S

Mg

Problem 17-89

The trailer has mass M; and a mass center at G, whereas the spool has mass M, mass center
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at O, and radius of gyration about an axis passing through O k. If a force F is applied to the

cable, determine the angular acceleration of the spool and the acceleration of the trailer. The
wheels have negligible mass and are free to roll.

Given:
M; = 580 kg b=05m
My = 200 kg c=06m

ko=045m d=04m

F =60N r=05m

Solution:

F=(M]+M>)a

F
q@ = —
M+ M)
m
a=00769 —
2
S
2
Fr=Mko «
r
2
Mz ko
d
a=0741 2
2

Problem 17-90

The rocket has weight ¥, mass center at G, and radius of gyration about the mass center k; when

it is fired. Each of its two engines provides a thrust 7. At a given instant, engine 4 suddenly fails to
operate. Determine the angular acceleration of the rocket and the acceleration of its nose B.

Given:

W = 20000 Ib T = 50000 1b

m
kG =21t g=981~

S
d =30 ft
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a=15ft
Solution: ;\
w
Ta= (—)k@za
g
i
Tag rad
a = —2 o = 0.274—2
Wkg S
o
r_w [W)
- W=|—lag | . )
g Y
(T-mg m
= —>= = 14715 —
agy W agy 52
0 0 0 -8.2
ft
ag = | agy |+| 0 |x|d ag = 48.3—2
0 a 0 0.0 )S —
B6
ft
og] = 490 oo
S T T
agGy
0= atan(zj 0 = 80.3 deg T T

Problem 17-91

The spool and wire wrapped around its core have a mass m, and a centroidal radius of gyration

k¢ If the coefficient of kinetic friction at the ground is £, determine the angular acceleration

of the spool when the couple M is applied.

Given: .@:’j
mg = 20 kg M =30 Nm 1
kg =250 mm r; = 200 mm
Hi = 0.1 ry = 400 mm

I&
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Solution:
Guesses T=1N Ng=1N e P’"\
{7
T | | —‘—I!-'-er,.l..u'
a =1 rad \k“_"f" /
52 e

Given
T— upNp =mgrja

Np-mgg =0

M — ugNgro—Tr; = mskGZa

T
T 55.2 rad
Np | = Find(T, N, @) = N o =889 —
Ng) \196.2 2
a

*Problem 17-92

The uniform board of weight W is suspended from cords at C and D. If these cords are subjected
to constant forces /', and F'j; respectively, determine the acceleration of the board’s center and the

board’s angular acceleration. Assume the board is a thin plate. Neglect the mass of the pulleys at £

and F.
Given:
W = 50 1b
Fy =301b ’:l‘ E F f;j‘
Fp =451b
[ 0
L =10 ft A = B
I ol
=322 ft |-
£T 2 M M
S Iy Iy
Solution:
Fovrg-w=|Z R 16.1 L
— =|—la a = —_— a = A
A B g Gy Gy W g Gy 5
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L LY 1 (W) 2 6(Fp-F4)g rad
Flo|-F === Z\1%a a=-—22F @ = 5.796 =
2 2) " 12\¢ WL 2

Problem 17-93

The spool has mass M and radius of gyration k. It rests on the surface of a conveyor belt for

which the coefficient of static friction is s, and the coefficient of kinetic friction is z. If the
conveyor accelerates at rate a., determine the initial tension in the wire and the angular acceleration
of the spool. The spool is originally at rest.

Units Used: kN = 10° N
Given:

M = 500 kg

S

a

I
ol B

kG =130m r; =08 m

Uy = 0.5 ro = 1.6 m
M =04
Solution: Assume no slip
rad m
Guesses a = 1—2 ay = 1—2 T = IN
s s

Fpax = IN Ny = IN Fg = IN

Given T-F¢=Ma, Ng—Mg=0
2
Tri—Fsro = -MkG o Fmax = psNg
ay = ria ac = (ro - ri)a
o
Ay
N 4.907
Fmax ) rad
= Find(a, ay, Fiax» N5, Fs, T) Fy |=| 1.82 |kN a=125—
Ny ;
p Fonax 2.454
N
T =232kN
T

Since Fg = 1.82kN < Fj;4 = 2.454 kN then our no-slip assumption is correct.
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Problem 17-94

The spool has mass M and radius of gyration k. It

rests on the surface of a conveyor belt for which the
coefficient of static friction is x,. Determine the

greatest acceleration of the conveyor so that the spool
will not slip. Also, what are the initial tension in the
wire and the angular acceleration of the spool? The
spool is originally at rest.

Units Used: kN = 10° N
Given: M = 500 kg

kG =130m r; =08 m

Mg = 0.5 ro = 1.6 m
Solution:

Guesses a=1— a =1

Given T-Fg=May Ny—-Mg=0

Tri - Fyry = -MkG @ Fy = ugN;

ay = ria ac = (ro rl)a
(04
ax
1 2 Fing( Ny, Fy, 7) A 1.348 =

= rmd\a,ayx,aC, 5 s = ac = 1. —_—
Ny AT B Fy 2.454 ¢ 2
F rad
a=1685—  T=3128kN

T 2

S

Problem 17-95

The wheel has weight ¥ and radius of gyration k. If the coefficients of static and kinetic

friction between the wheel and the plane are x and 4, determine the wheel’s angular
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acceleration as it rolls down the incline.

Given:
W =301b W
kg = 0.6 ft
Uy = 0.2 F
M = 0.15
=125 ft Fu
60 = 12 deg
Solution: Assume no slipping
Guesses Fy=11b F=11Ib
Given F - Wsin(H) = _—aG
g
w
Fr= —kGZa
g
F
Fn
Fax | = Find(F,Fy, Fiay . aG. @)
aG
o

e
FJI{J{;
ft rad
S S
Fy— Weos(6) = 0 Fmax = isFN
aGg =ra
F 1.17
ft
Fy | =]2934 |Ib ag = 5.44—2
Fonax 5.87 s
rad
a=435—
2

Since F = 1.171b < F,4¢ = 5.87 Ib then our no-slip assumption is correct.

Chapter 17

*Problem 17-96

The wheel has a weight W and a radius of gyration k. If the coefficients of static and kinetic

friction between the wheel and the plane are z, and 4, determine the maximum angle 6 of

the inclined plane so that the wheel rolls without slipping.

Given:
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W =301b
kg = 0.6 ft
Hg = 0.2
Solution:
Guesses
0 =1 deg
1 ft
ag =1 —
G 2
S
Given

r=125ft

6 = 12 deg

Ui = 0.15

Fy=11b

a=1£d
2

F
F = Find(H,FNsF’aG’ a) ( j

F=1

Fn

Ib

4.10 ft
= b ag=191—
20.50 2

Chapter 17

Problem 17-97

The truck carries the spool which has weight 7 and radius of gyration k. Determine the
angular acceleration of the spool if it is not tied down on the truck and the truck begins to

accelerate at the rate a,,. Assume the spool does not slip on the bed of the truck.

Given:
W = 500 1b
kg =2 ft
3 ft
agr = 3 —
At 5

S

r=3"ft

—322ft
g =24 >

N
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Solution:
ft rad
Guesses ag=1—  a=1—
2 2
S S
Given

ag = ay;— ar

-w w
0= (—)agr+ (—jkgza
g g

(“G] - Find(ag )

o S

fit
ag = 0923

Chapter 17

W g
. B ,-/
F /
| 1"} (ke Jex
Fy 8
rad
a = 0.692 —
82

Problem 17-98

The truck carries the spool which has weight ¥ and radius of gyration k. Determine the

angular acceleration of the spool if it is not tied down on the truck and the truck begins to
accelerate at the rate a,,. The coefficients of static and kinetic friction between the spool and

the truck bed are x and 4, respectively.

Given:
ft
W = 200 lb g=32.2—2
s
kg =2 ft st = 0.15
ft
agr =5 > i = 0.1
s
r=73ft
Solution: Assume no slip W ¢ 4G
Guesses /___
F=1Ib Fy=11lb Fuu=11Ib ~L | = [ &
i ft ! rad __..I/
ag =1 — a=1—
G 2 2 F W
S S . i"l’r:]ﬂ
F s
. w )
Given F=—ag Fr=—kg a FN—-W=0 Fpyu = uUusFnN
g

aGg =ay;— ar
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F
Fy F 9.56
. ft
Fpax | = Find(F,FN, Fiax, aG» @) Fax | =| 30.00 |1b ag=1538 =
ag Fy 200.00 s
d
a o= 11542

S

Since F = 9.561b < F,, = 301b then our no-slip assumption is correct.

Problem 17-99

The spool has mass M and radius of gyration k. It rests on the inclined surface for which the
coefficient of kinetic friction is z. If the spool is released from rest and slips at 4, determine
the initial tension in the cord and the angular acceleration of the spool.

Given:

M=75kg kg =0380m a=03m

M = 0.15 6 = 30 deg b =0.6m

Solution:
m rad
Guesses T'=1N N4y=1I1IN aG:I—2 a=1—
s S
Given
T- Mgsin(6) — yy Ny = -Mag Ny—Mgcos(6) =0
Ta—,ukNAb=MkG2a aGg = aa
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T
Ny . m rad
= Find(T, N4, @, ag) ag = 1395 — a=465— T=359N
o 2 2
S S
ag

*Problem 17-100

A uniform rod having weight ¥ is pin-supported at A from a roller which rides on horizontal track. If
the rod is originally at rest, and horizontal force F is applied to the roller, determine the acceleration of
the roller. Neglect the mass of the roller and its size d in the computations.

Given: d A
. F
W =10 1lb t o
i
F=151b
[ =2ft
_ 30 B ¢
g = Jz. >
s
Solution:
G _q ft _q ft 1 rad
uesses ag = 3 ay = 3 a = 3
S S S L
Given
F
W N1 (W) (— —— @
F=|—|ag —|l==|—|la "
g 2 12\ g N
i 2
/ — fgu
aq=ag+ a— - ST R
2 * - =
LW
aG ( W )'54'-:'
) L g ’
ay | = Flnd(a(;,aA,a)
" a -
4830 145184 1931
ag =483 — a = — ay = —
¢ s2 52 ! 52

Problem 17-101

A uniform rod having weight ¥ is pin-supported at A from a roller which rides on horizontal track.
Assume that the roller at 4 is replaced by a slider block having a negligible mass. If the rod is initially
at rest, and a horizontal force F is applied to the slider, determine the slider’s acceleration. The
coefficient of kinetic friction between the block and the track is x;. Neglect the dimension d and the
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size of the block in the computations.

Chapter 17

Given: d A F
W=101b gy =0.2 . >
F =151 g =322 -
[ =21t s
!
Solution:
G 1 ft ! ft ! rad
uesses ag =1 — =1 = -1 =
G , , ¢ 2
S S S
Given
(W) |
F—puW=|—|ag
g
- Y A
/ 1 (W 2 l L
(F— )t = L(7) 2
2 12 g i ._Ir”u
aq=ac+a - o 4 B
A G ) —— (e—
, fw
aG W__| II E _."H{J

ay | = Find(ac;,aA, a)

o

41.86 L 126 74 1671
= . —_ a = _— a = =
aG 2 2 = 2

S S S

Problem 17-102

The lawn roller has mass M and radius of gyration k. If it is pushed forward with a force F

when the handle is in the position shown, determine its angular acceleration. The coefficients of

static and kinetic friction between the ground and the roller are s, and 4, respectively.
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Given:

M = 80 kg s = 0.12

kg =0175m i = 0.1

F =200 N r = 200 mm
m
0 = 45 deg g=9.81—2
s
Solution: Assume no slipping,

Guesses

Chapter 17

Ff=1N Fy=1N

m
ale—z

S

Given —Fcos(ﬁ) +Fr=-May
2
Frr=MkG a ay = ar
Fy
Fn
Fax | = Find(Ff,FN,FmaXaama)
ax
a

Fpiax = 1IN

Fy-Mg-Fsin(6) =0

Fmax = tsFN
Fy 926.221
m
Ff =| 61324 | N a, = 1.001 >
S
Fax 111.147
rad
a=501—
2

S

Since Fr=613 N < Fpgy =111.1 N then our no-slip assumption is true.

Problem 17-103

The slender bar of weight W is supported by two cords 4B and AC. If cord AC suddenly breaks,
determine the initial angular acceleration of the bar and the tension in cord 4B.
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Given:

W=1501  a=4ft A

ft
g=322- b=3f , b

b i
Solution: 0= atan(—) Ct A
a !- [ i !
Guesses
d T
Typ=11b a:1% Al
S
'
ft ft ft .
an—l—z aGy—1—2 aB—l—2 [ l B
S S S
Given W
—TABcos(H) = (—)an | |
g
: - , W 2
TABSIII(@) - W= —)aGy —-agy = —alen(ﬁ) ]—l,, - } (2ayo
g 2
/[
_ 1 (w 2 e | | B
TABs1n(0)a =\ (2a)"a -agy+ aa = —chos(H) / \
W
g ra (g, L E{{J o
T4B g
a aGx 7.43
. ft rad
agx | = Fmd(TAB, a,an,aGy,aB) agy | =| 26.63 > a= 4.18—2
agy ag 12.38 ) % S
ap Typ =4331b

*Problem 17-104

A long strip of paper is wrapped into two rolls, each having mass M. Roll 4 is pin-supported about
its center whereas roll B is not centrally supported. If B is brought into contact with 4 and released
from rest, determine the initial tension in the paper between the rolls and the angular acceleration of
each roll. For the calculation, assume the rolls to be approximated by cylinders.

Given:
m
M = 8 kg r = 90 mm g=9.81—2
s

Solution: Guesses

m rad
T=1N aBy=1—2

S S

581



Engineering Mechanics - Dynamics

Given

1 2 12
Tr:EMraA Tr:EMraB

T'-Mg=Map, —Qyr = agy + apr

T
aBy
= Find(T, apy, a4, ap) T=157N
a4
ap ay 43.6 \ rad
ag) \43.6) 2

m
agy = 7848 —
S

Chapter 17

N
I'\\ﬂf_i;# /I

Problem 17-105

The uniform bar of mass m and length L is balanced in the vertical position
when the horizontal force P is applied to the roller at 4. Determine the bar's

initial angular acceleration and the acceleration of its top point B.

Solution:
-P
—P =may ay = —
m
L 1 2 —6P
-Pl—|=—mL «a a=—
2 12 mL

L
aB:ax—aE

2P . .
ap = —  positive means to the right
m

»

Problem 17-106

A woman sits in a rigid position in the middle of the swing. The combined weight of the woman and
swing is I and the radius of gyration about the center of mass G is k. If a man pushes on the swing

with a horizontal force F as shown, determine the initial angular acceleration and the tension in each
of the two supporting chains 4B. During the motion, assume that the chain segment CAD remains

rigid. The swing is originally at rest.

Given:

ft

W=1801b a=4ft g=322-

S
kG=25ft b=15"f
F=20b c¢=04ft
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i, = il

Chapter 17

ﬁ V) Ino
f% — f%q ”:;EIJ

L {

i

Y

Solution:
fit d
Guesses T=11Ib aGt=1—2 azl%
S S
/4 w
Given  F= (—)aGt XT-W=0  Fe= (—]kgza
g g
T
. ft rad
agr | = Find(T, agy, @) agr=3.58— a=0229— T=900lb
S S
o

Problem 17-107

A girl sits snugly inside a large tire such that together
the girl and tire have a total weight W, a center of mass
at G, and a radius of gyration k; about G. If the tire

rolls freely down the incline, determine the normal and
frictional forces it exerts on the ground when it is in the
position shown and has an angular velocity @. Assume

that the tire does not slip as it rolls.

Given:
W =185 1b b =21t
kg =165t a=075"ft

d =
a)=6£ 60 = 20 deg
$

Solution:

Guesses Nr=11b Fr=11b

a=1—
2
S
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Given
w w
Nt — Wcos(H) = —aa)2 Fr(b—-a) = —kGZa
g g

Fr— Wsin(6) = iV(b —a)a
g

Nt
. rad
Fr | = Find(N7, Fr. @) a=32— Fy
Ny
o S

Nt 329.0
= Ib
Fr 40.2

*Problem 17-108

The hoop or thin ring of weight # is given an initial angular velocity @, when it is placed on the
surface. If the coefficient of kinetic friction between the hoop and the surface is 4, determine the

distance the hoop moves before it stops slipping.

Given:
W =101b M =03
rad .
o) =6 — r =61n
S
=322 f
g = Sz 2
S
Solution:
Fy—-W=0 Fy=W Fny=101b W W

w ft T .-.r_:-:H
M EN = (E)aG aG = UiEg aG = 9.66—2 //" m % ] \\\\

W Hkg d \ /
HFNr = (—)rza a=— o= 19.32% N\ N
g : .

When it stops slipping Fy,
VG = or
wgr
agt = (a)() - at)r t = —— t=0.155s
ag+ ar
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12 .
d = EaGt d=1.398in

Problem 17-109

The circular plate of weight W is suspended from a pin at A. If the pin is connected to a track
which is given acceleration a,, determine the horizontal and vertical components of reaction at 4

and the acceleration of the plate’s mass center G. The plate is originally at rest.

Given:
W =151b A, .
."'f.- \ o
ft ( .
aq =3 > 'x_l__/’
S
W
r=2ft
il
ft A6y, = a1
g=322~ mf/it:"., )
s NS
Solution:
ft rad
Guesses an:I—z a=1—2 Ay =11b 4y, =11b
s S
) /4 1w 2
Given Ay = —agy Ay, =W =0 —Ayr=——ra«a agx + ar = ay
g 2 g
aGx
a Find( Ao ) Ax 0466 3 i
= rmd\a ,a, ) = a =1—
Ay G &> A Ay 4, )~ 15000 @2
Ay rad

Problem 17-110

Wheel C has a mass M; and a radius of gyration k., whereas wheel D has a mass M, and a radius of
gyration k. Determine the angular acceleration of each wheel at the instant shown. Neglect the mass
of the link and assume that the assembly does not slip on the plane.

Given:
M; =60kg kc =04m r=05m b=2m
My =40kg kp=035m a=01m 6 =30deg
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Solution: -

Both wheels have the same angular acceleration.

.'1f'11 g
Guesses 2
/_ > ma
Fgsp=1N - |: |
rad
a=1 5—2 \_"///f ¥
Given

—-F4p(2r—a) + M; gsin(é’)r =M kcza + M](ra)r

Fyp(2r—a) + Mggsin(&)r = Mngza + Mg(ra)r

Fyp ) rad
= Find(F 45, @) Fyp=-621 N a=621—
o

Problem 17-111

The assembly consists of a disk of mass m, and a bar of mass m, which is pin connected to the

disk. If the system is released from rest, determine the angular acceleration of the disk. The
coefficients of static and kinetic friction between the disk and the inclined plane are z, and z4

respectively. Neglect friction at B.
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Given:

mp = 8 kg L=1m

mp =10kg  r=03m

U = 0.6 6 = 30 deg
m

M = 04 g = 9.8l >
S

Solution: ¢ = asin z
L
Assume no slip

Guesses

Nc=1N Fc=1N
B

! rad ! m

a = _— = _—

, 2
S S

F max = I N

Given

L -1 2 r
NCLcos(¢) - ngLcos(H— ¢$) - mbgz cos(&— ¢) = TmDr a—mpayr— mbaAE

-Fc+ (mD + mb)gsin(é’) = (mD + mb)aA

1

Feor= EmDrza ay=ra Foax = s Nc

Nc

Fc Nc 109.042

. rad
ay | = Find(Nc,Fc, a4, @, Fpay) Fc |=] 16053 |N  a=13377—
S

a Fax 65.425

Fnax Since F¢=16.053 N < Fy, = 65.425 N then our no-slip assumption is correct.

Problem 17-112

The assembly consists of a disk of mass m, and a bar of mass m, which is pin connected to the

disk. If the system is released from rest, determine the angular acceleration of the disk. The
coefficients of static and kinetic friction between the disk and the inclined plane are  and 1,

respectively. Neglect friction at B. Solve if the bar is removed.
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Given:

mp = 8 kg L=1m
mp = 0 kg r=03m

Ug = 0.15 0 = 30 deg

m
9.81 —
2
S

Solution: ¢ = asin(ij
L

Mg = 0.1 g

Assume no slip

Guesses

Ne=1N Fc=1N

{ rad ! m

a=1— agy =1 —

2 A 2
S S

Fpax = 1 N

Given

NCLcos(¢) —mpglL cos(&— ¢) -

Chapter 17

i)

L -1 2 r
mng cos(H— ¢) = TmDr a—mpayr— mbaAE

-Fc+ (mD + mb)gsin(é’) = (mD + mb)aA

1 2
Fer= EmDr a

ag =ra Fmax = usNc

Nc
Fc Nc 67.966
. rad
ag | = Find(Ne,Fe,ag, @, Fax) Fc |=] 1308 |N a=109—
S
o Fonax 10.195
Fmax

Since F¢ = 13.08 N > F,¢ = 10.195 N then our no-slip assumption is wrong and we know

that slipping does occur.

Guesses

m
NC=1N FC=1N a=1—2 aA=1—2 FmaleN
S
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Given
L -1 2 r
NCLcos(¢) - ngLcos(H— ¢) - mng cos(H— ¢) = TmDr a—mpayr— mbaAE
-Fc+ (mD + mb)gsin(ﬁ) = (mD + mb)aA
12
Fer=Smpra Finax = usNe Fe = uNe
N¢
Fc Ne 67.966
. rad
ag | = Find(Ne,Fe,ag, @, Fax) Fc |=| 6797 |N a = 5.664—
o Foax 10.195 S
Fmax

Problem 17-113

A “lifted” truck can become a road hazard since the bumper is high enough to ride up a
standard car in the event the car is rear-ended. As a model of this case consider the truck to
have a mass M, a mass center G, and a radius of gyration k;about G. Determine the horizontal

and vertical components of acceleration of the mass center G, and the angular acceleration of
the truck, at the moment its front wheels at C have just left the ground and its smooth front
bumper begins to ride up the back of the stopped car so that point B has a velocity of v at

angle @ from the horizontal. Assume the wheels are free to roll, and neglect the size of the
wheels and the deformation of the material.

Units Used:
Mg = 10° ke
3 i
kN = 10" N _
1
Given:
M =270Mga =13 m fr ft —e—— -
0 =20deg b =16m
Mg
kg=145m ¢c=12m
" N
vg = 8 — d=04m T ®(;
§ il | I(f_x\'l
Solution: R N d
m rad o’
Guesses vy = | — o=1— o o W
s s b r Nig
."'nl"r.I
! m ] rad
ap =1 — a=1—
B 2 2
s s

589



Engineering Mechanics - Dynamics

-1 = -1 =
aGgx = 5 agy = 5
S S
Ng=1N Ng =1N
P i
aAZIEZ 1'\_/1 {\
S

Given

Ny + NBcos(H) -Mg=Mag,

R B N

e

_[;\. A :k_Ji

¥a

NBcos(H)c - NBsin(é’)(a —d) —Nyb = MkGZa

-Np sin( 9) = Magy

V4 0 b+c VBCOS(G)
0 |+|0 x| d |=]vp sin(&)
0 ® 0 0
agq 0 b+c b+c acos(6)
0 |+]|0 x| d |- a)2 d |=| apsin(0)
0 o 0 0 0
aGx 0 c ¢ aBCOS(H)
agy | + 0 |x| —a+d|- 0)2 —a+d|=|ap sin(l9)
. u 0 0 0
V4
®
aq
ap
agy | = Find(vA,a),aA,aB,an,aGy,a,NA,NB) (anJ _ (
agy
aGy
o

rad
w=0977T— a =-0.283
Ny S

)

Np

-1.82
—-1.69

rad

o | B

S

S

N
0664) m (AJ:[“S}(N
) 2 Ng ) 1440

Chapter 17
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Problem 18-1 Ic

At a given instant the body of mass m has an angular oo
velocity @ and its mass center has a velocity V. Show

that its kinetic energy can be represented as 7'= 1/2

1,0@?, where I,.is the moment of inertia of the body G

computed about the instantaneous axis of zero velocity,
located a distance 7, from the mass center as shown.

Solution:

1 1
= (E va + (ZJ(IG) 3 where v= 0 rg
1 2
=| = |jco
(2) i

Problem 18-2

2 1 2
m a)rG[C) + 21(;(0

| =

2
m VGICZ + 7 G) However m(rg;0)* +15=1c

l\)l»—

The wheel is made from a thin ring of mass m,,,, and two slender rods each of mass m,, ;. If

ring
the torsional spring attached to the wheel’s center has stiffness £, so that the torque on the
center of the wheel is M = —k6, determine the maximum angular velocity of the wheel if it is

rotated two revolutions and then released from rest.

Given: —
-\:-"— e "‘\‘
Mying = 5 kg / . w
m =2k
rod g | '| A,
N-m \l
k=2 W R
rad \\K 1
r=05m \\&
Solution: B

1 2 2

Ip =2 Emrod(zr) + Myjpg
2
Ip = 1583kg-m
T +2Ujp =1
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0
1 % d
0+J —k9d9=510w2 = |—d4z o= 1412

4

Problem 18-3

At the instant shown, the disk of weight W has counterclockwise angular velocity @ when its
center has velocity v. Determine the kinetic energy of the disk at this instant.
Given:

W =30 1b

rad
w=5—
S

Solution:

11w 144
7 [ 2222 ZL).2 T = 210ft-1b
22 ¢ 2

*Problem 18-4

The uniform rectangular plate has weight W. If A8k A
the plate is pinned at 4 and has an angular velocity /,;."' \\ @
o, determine the kinetic energy of the plate. A

| &
Given: i \

W = 301b \ \
rad b

. \

a=2ft a b

\
\
\
\\
b=1f . N >
h / \
\ A
- ’

Solution: b

1 2 1 2 e
T=—mvg +—-Ico '
MG TR0
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- el )

T=6991t1b

Problem 18-5

At the instant shown, link 4B has angular velocity @p.
If each link is considered as a uniform slender bar with
weight density », determine the total kinetic energy of
the system.

iven: rad
Given: w4y = 2 — a =31in
S

1b )
m

6 = 45 deg c=5in

Solution: p = z
g

Guesses

rad rad
wpc =1— ocp =1—
S S

in in
Vo = 1 — vGy = 1 — T =1Ib-ft
S S
Given
0 0 0 b 0 ccos(6)
0 x| —a |+ 0 x| 0 [+ 0 X —csin(@) =0
—~0WAB 0 oBC 0 OCD 0
0 0 0 (2] (v
2
0 x| —a|+| 0 |x = | vy
—O4B 0 oBC 0 0
L 0 AT PR WO B T
>l 3 'AB '\ 1o 'BC 2,0 Gx Gy ol 3 CD
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Chapter 18

@OBC
“CD

Ei d( T) OBC 1.5 ) rad VGx -0.5 \ ft
v = Find(wpc, @cp,vGy,VGy = = - et
o peBCD- Ton- oy wcp) \1.697) s vgy) \=025)s
VGy
T

T =0.0188ft-1b

Problem 18-6

Determine the kinetic energy of the system of three links. Links 4B and CD each have weight
W, and link BC has weight W,.

Given:
Wi =101b
Wy =201b ’ ; d
5 rad —
(0] = —_— ¥
'AB S n.ﬁ;E_ i
rqp = 1 ft "
rgc = 2 ft f
| '
rep = 1 ft
=322 f
g = J<. >
S
Solution:
rad 4B
opc =0 — OCD = WAB| ——
S rCD
2 2
r 1( W1 raB 2+1 w> ( )2+1 Wi\ rcp 2
= —| — w —|— |lwygpr —| — )
2\ g 3 'AB 2\ g 'ABVAB 2\ g 3 CD
T =1041t-1b

Problem 18-7
The mechanism consists of two rods, 4B and BC, which have weights ¥, and W,, respectively,

and a block at C of weight WW;. Determine the kinetic energy of the system at the instant shown,
when the block is moving at speed v.
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Given:
Wi =101b
Wy =201b
W3 =41b
ryg = 2 ft
rgc = 4 ft
ft
ve =3 —
s
=322 fi
g = Sz 5
S
Solution:
rad vc
0BC=0-= o5 =—
S 4B
2
1( W1\ ra 2 (W2} 2 1 W3) o,
2\ g 3 2\ g 2\ g

*Problem 18-8

The bar of weight 7 is pinned at its center O and connected to a torsional spring. The spring has a
stiffness £, so that the torque developed is M = k6. If the bar is released from rest when it is vertical
at = 90°, determine its angular velocity at the instant = 0°. Use the prinicple of work and energy.

Given:
W =101b
Ib- ft
k=5—
rad
a=1ft
=322 ft
g = S4. 2
S
Solution:

Gp = 90 deg Or = 0 deg
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rad
Guess ow=1—
S
1 2 1 2 1\ Qo 2
Given —kOp = —kOf +—|— w
2 2 20g) 12

o = Find(ow) = 10,924
S

Problem 18-9

A force P is applied to the cable which causes the reel of mass M to turn since it is resting on the
two rollers 4 and B of the dispenser. Determine the angular velocity of the reel after it has made two
revolutions starting from rest. Neglect the mass of the rollers and the mass of the cable. The radius
of gyration of the reel about its center axis is k-

Given:
P =20N
M =175 kg
kg =042 m
6 = 30 deg

ri = 250 mm

rg = 500 mm
a = 400 mm
Solution:

0+ P2(277;) = %ngz o

87Z'P]"l rad
o = 5 o=202—
Mkg S

Problem 18-10

The rotary screen S is used to wash limestone. When empty it has a mass M and a radius of
gyration k. Rotation is achieved by applying a torque M about the drive wheel 4. If no slipping

occurs at 4 and the supporting wheel at B is free to roll, determine the angular velocity of the
screen after it has rotated » revolutions. Neglect the mass of 4 and B.
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Unit Used:

rev = 2 rad

Given:
M; = 800 kg
kg = 1.75 m
M = 280 N-m
rg =2m
rg =03 m
n=>5rev
Solution:
rs 1
M(— ] = —M]kG2w2
r4 2
ZMVSn rad
w = 5 o =692 —
raMjkG i

Problem 18-11

A yo-yo has weight W and radius of gyration k. If it is released from rest, determine how far it

must descend in order to attain angular velocity . Neglect the mass of the string and assume that
the string is wound around the central peg such that the mean radius at which it unravels is 7.

Given:
W =031b
ko = 0.06 ft k/_’\_//_
rad
o =70 —
S
r = 0.02 ft
=322 E
g = J<. 5

S
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Solution:
1w 1(w
0O+Wh=—| — (ra))2+— —k02 (02
2\g 2\ g
2 2
r +ko
h=— 2 h = 0.304 fi

2g

*Problem 18-12

The soap-box car has weight ¥, including the passenger but excl/uding its four wheels. Each wheel has
weight W, radius r, and radius of gyration &, computed about an axis passing through the wheel’s

axle. Determine the car’s speed after it has traveled a distance d starting from rest. The wheels roll
without slipping. Neglect air resistance.

Given: F
We. =110 1b
Wy =51b
r=0.5ft
k=03 ft
d = 100 ft
0 = 30 deg
=322 fi
g = sz 2
S
Solution:
2
1({ W+ 4W, 1 (W
(WC + 4Ww)dsin(6’) = —(uj N _4(_Wk2 d
2 g 2 g r
2(W, + 4w,,)dsin(0)g
Vv = v=552—
i :
We+ 4W,, + 4WW—2

7
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Problem 18-13

The pendulum of the Charpy impact machine has mass M and radius of gyration k. If it is released

from rest when 8= 0°, determine its angular velocity just before it strikes the specimen S, 8= 90°.

Given:
M = 50 kg
kg =175 m
d=125m
Y
g =981
S
Solution:

2

1
0+ Mgd = 5MkA2 o

2gd rad
W) = |—— wy =283 —
2 S
ky

Problem 18-14

The pulley of mass M, has a radius of gyration about O of k. If a motor M supplies a force to the

cable of P = a (b — ce~®), where x is the amount of cable wound up, determine the speed of the
crate of mass M, when it has been hoisted a distance / starting from rest. Neglect the mass of the

cable and assume the cable does not slip on the pulley.

Given:
M, =10 kg a = 800 N = M| P
M. = 50 kg b=3 s m
C | ! /TU /}
ko =021 m c =2 '-__1 G
¢ \\_ﬂ___ﬁ/'
r=03m J - i
m 1
h=2m r__l
Solution:
m E I..
Guesses Ve =1 — E

S
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h
- 1 ve) 1
Given J a(b —ce dx) dx = =M, k02 (—cj + —Mcvc2 +M.gh
0 2 r 2
ve = Find(v,) ve = 9.419 =

S

Problem 18-15

The uniform pipe has a mass M and radius of gyration about the z axis of ;. If the worker

pushes on it with a horizontal force F, applied perpendicular to the pipe, determine the pipe’s
angular velocity when it has rotated through angle &about the z axis, starting from rest.
Assume the pipe does not swing.

Units Used:
3
Mg = 10" kg ¥

Given:

M =16 Mg 6 = 90 deg
kG =27m r=075m

F =50N [ =3m

Solution:

1
0+FIO— EMkG2 o

NMF Iz rad
_— o = 0.0636 —

1
0 =—
M kg S

*Problem 18-16

The slender rod of mass m,,,, is subjected to the force and couple moment. When it is in the
position shown it has angular velocity ;. Determine its angular velocity at the instant it has

rotated downward 90°. The force is always applied perpendicular to the axis of the rod.
Motion occurs in the vertical plane.

600



Engineering Mechanics - Dynamics Chapter 18

Given:
Mrod = 4 kg F
rad l
w] =6 — _
° A By ) “
F=1I5N alda  Jy o
- a -
M = 40 N-m
a=3m
— 981 —
g =7 >
s
. rad
Solution: Guess wy =1—
S
Given
2 2
1| Mrod@ 2+F T N a +M7[ 1| Mrod@ 2
— W al—|+m - - =— w
20 3 ! 2 rod8| 5 2 20 3 2
rad
W)y = Find(a)g) wy = 825 —

S

Problem 18-17

The slender rod of mass M is subjected to the force and couple moment. When the rod is in
the position shown it has angular velocity ®,. Determine its angular velocity at the instant it has

rotated 360°. The force is always applied perpendicular to the axis of the rod and motion
occurs in the vertical plane.

Given:
myod = 4kg M =40 N-m F
rad a=3m l
w] =6 —
: N '
_ h alla
F=15N g =981 = M o
S - & -
Solution:
rad
Guess wy) =1—

N
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Given
2 2
1| Mrodd 2 1| Mrodd 2
- o] +Fa2r+M2rx=— 1))
2 3 2 3
rad
W) = Find(a)g) wy =11.2—

S

Problem 18-18

The elevator car E has mass m and the counterweight C has mass m. If a motor turns the driving

sheave A4 with constant torque M, determine the speed of the elevator when it has ascended a distance
d starting from rest. Each sheave 4 and B has mass mg and radius of gyration k about its mass center

or pinned axis. Neglect the mass of the cable and assume the cable does not slip on the sheaves.

Units Used: Mg = 1000 kg

Given:
mg = 1.80 Mg d=10m
me = 2.30 Mg r=035m i
mg = 150 kg k=02m il
|
m o
M =100 N-m g = 9.8l > B
s o]
Solution:
) E
d 1 k
M——(mE—mC)gdZE mE+mC+2mS—2 v2
r H
7
N
d il . "
2{M7 _(mE—mc)ng m */J"VLET \ <
v = v=4973 — \F :'3 7 B
2 S \ =~ W
K \ E‘
mE-i-mC+2mS—2 e
7

Problem 18-19

The elevator car E has mass m and the counterweight C has mass m. If a motor turns the driving

sheave A4 with torque a@? + b, determine the speed of the elevator when it has ascended a distance d
starting from rest. Each sheave 4 and B has mass mg and radius of gyration k about its mass center

or pinned axis. Neglect the mass of the cable and assume the cable does not slip on the sheaves.
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Units Used:
Mg = 1000 kg
Given:
mg = 1.80 Mg
mc = 2.30 Mg
ms = 150 kg
a = 0.06 N-m
b =75Nm
d=12m
r=035m
k=02m
— 981 =2
g =981 -
S
Solution:
m
Guess y=1—
S
d
Gi ' 1 IS 2
tven a02+bd6’—(mE—mc)gd=— mE+mc+2ms—2 v
0 2 r
. m
v = Find(v) v=15343 —

S

*Problem 18-20

The wheel has a mass M and a radius of gyration k. A motor supplies a torque M = (a@+ b),
about the drive shaft at O. Determine the speed of the loading car, which has a mass M, after

it travels a distance s = d. Initially the car is at rest when s = 0 and 8= 0°. Neglect the mass of
the attached cable and the mass of the car’s wheels.
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Given:

M; = 100 kg
M> =300 kg
d=4m
a =40 N'm
b =900 N-m
r=03m

ko =02 m

0 = 30 deg
Solution:
m
Guess v=1—
S

d

2
1 1
Given J (a0 + b) d6 = M2 Wy M ko (3) + Mogdsin(6)
0 r

v = Find(v)  v=749 —
S

Problem 18-21

The gear has a weight /# and a radius of gyration k. If the spring is unstretched when the
torque M is applied, determine the gear’s angular velocity after its mass center G has moved to

the left a distance d.
Given:
W =151b
M = 6 lb-ft
o = 0.5 ft
ri =04 ft
d=2ft
=3
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kg = 0.375 ft
Solution:
rad
Guess o=1—
S
d 1w 1 (ri+r
Given — | = —(—) (a)ro)2 + —(—) kG2 2 —k| = 2
To 2\ g g To

Problem 18-22

The disk of mass m, is originally at rest, and the spring holds it in equilibrium. A couple moment M

is then applied to the disk as shown. Determine its angular velocity at the instant its mass center G
has moved distance d down along the inclined plane. The disk rolls without slipping.

Given:

mg = 20 kg 0 = 30 deg
M=30Nm r=02m

m
d=08m  g=981—
S

N
k =150 —
m

Solution: Guess o=1—
s

Initial stretch in the spring  kdy = mgg sin(@)

sinl @
LU R,
k

Given

Mi: + mggdsin(6) - %[(d vdg) — dy?] = %maz(cor)2 + %Grndrz) o
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o = Find(a)) o = 11.0@
s

Problem 18-23

The disk of mass m,, is originally at rest, and the

spring holds it in equilibrium. A couple moment
M is then applied to the disk as shown.
Determine how far the center of mass of the
disk travels down along the incline, measured
from the equilibrium position, before it stops.
The disk rolls without slipping.

Given:
mg = 20 kg
M =30 N-m
N
k=150 —
m
60 = 30 deg
r=02m
~ 981 =
g =7 5
S
Solution: Guess d=3m

Initial stretch in the spring  kdy = mgg sin(é’)

in\ @
g maesnld s
k

i [(d +dp)* - doz] -0

d
Given M-+ mdgdsin(é’) -3
r

d = Find(d) d=2m

*Problem 18-24

The linkage consists of two rods 4B and CD each of weight 7, and bar AD of weight ¥,. When
6 =0, rod 4B is rotating with angular velocity @,. If rod CD is subjected to a couple moment M
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and bar 4D is subjected to a horizontal force P as shown, determine @, at the instant 6= 6,.

Given:

Wy =81b a=2ft

Wy =101b b =3ft

d
wozz% 0, = 90 deg

P =201b M = 15 lb-ft

_ 3o &t
§ =322~

S

Solution:

U= Pasin(HI) + MO - 2W1§(1 - cos<91)) - Wga(l - 005(91))

rad
Guess w=1—
S
Given
2 2
1 [ W1a 2 1 W2 2 1| Wra | 2 1( W2 2
L ) o+ Y 2 (g + v= 2 L+ Y 22 (o)
2\ g 3 2\ g 2\ g 3 2\ g

o = Find(a)) o= 5.739@
s

Problem 18-25

The linkage consists of two rods 4B and CD each of weight W, and bar AD of weight ,. When
0 =0, rod 4B is rotating with angular velocity @,. If rod CD is subjected to a couple moment M
and bar 4D is subjected to a horizontal force P as shown, determine @, at the instant 6= 6,.
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Given:

Wi =81b a=2ft

Wy=101b b=31t

a)0=2T 01 = 45 deg

M=151b-ft P =201b

—322ft
g = 24 5

s
Solution:
U= Pasin(ﬁl) +MO; - 2W; g(l - cos<91)) - Wga(l - 005(91))

rad
Guess o=1—

Problem 18-26

The spool has weight 1 and radius of gyration k. A horizontal force P is applied to a cable

wrapped around its inner core. If the spool is originally at rest, determine its angular velocity after
the mass center G has moved distance d to the left. The spool rolls without slipping. Neglect the

mass of the cable.

Given:

W =500 Ib d=06ft
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kg =175 =08 ft

P
P =151 ro = 2.4 ft
=322 fi
g = J4. 2
S
d
Solution: Guess o =1 Tad
S
. To +7i (W 2 I(wW 2 ) d
Given P ——|d= —(—) kG o+ —(—) (r0)” @ =Findlo) w=1324—
Yo 2\g 2\g s

Problem 18-27

The double pulley consists of two parts that are attached to one
another. It has a weight ¥/, and a centroidal radius of gyration &

and is turning with an angular velocity @ clockwise. Determine the
kinetic energy of the system. Assume that neither cable slips on

A A R R A

the pulley.
Given:
Wp=501b r; =05t i
Wyg=201b =11 i
B
Wp=301b ko=06ft A
rad
o =20—
s
Solution:

% 1[2+l 2+1 2
=—lo +—=Wyv —Wpv
E > 2AA 2BB

w W W
2

Kg = 283 ft-1b
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*Problem 18-28

The system consists of disk 4 of weight I, slender rod BC of weight Wy, and smooth collar C of
weight W . If the disk rolls without slipping, determine the velocity of the collar at the instant the rod
becomes horizontal, i.e. /= 0°. The system is released from rest when 6= ¢,

Given:

Wy=201b L=3f

Wgc =41 r=038ft
ft
We =11b g:32.2—2
S
Gy = 45 deg
Solution:
ft
Guess vg=1—
S
Given
2 2
/4 £(:os(a9)+W Lcos(é’)—l E v, 2+l @L_ E
BC2 0 C 0 2\ g C g 3 7

ve = Find(vc) Ve = 1338
S

Problem 18-29
The cement bucket of weight W, is hoisted using a motor that supplies a torque M to the axle

of the wheel. If the wheel has a weight ¥, and a radius of gyration about O of k,, determine
the speed of the bucket when it has been hoisted a distance 4 starting from rest.
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Given:
W; = 1500 Ib : 4
Wy =115 1b &=
3 £l
M = 2000 Ib-ft r
h =10 ft I
r=125ft
|
Solution:
ft
Guess v=1—

2
h 1 W] 1( W2
Given M—=——v2+——k022 +Wih
ro 2\ g 2\ g r

ft
v = Find(v) v=641—
s

Problem 18-30

The assembly consists of two slender rods each of weight W, and a disk of weight W ,. If the spring
is unstretched when 8= 6, and the assembly is released from rest at this position, determine the
angular velocity of rod 4B at the instant &= 0. The disk rolls without slipping.

Given:
W, =15 1b
Wg =201b
01 = 45 deg
Ib
k=4—
ft
L =31t
r=1*1H
Solution:

rad
Guess w=1—
S
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Given

rad
w=4284 —
S

o = Find(a))

2W{§J sin(6;) - %k(2L — 2Lcos(0;))

Chapter 18

1{1W
2:2———rL2w2
2\3 ¢

Problem 18-31

The uniform door has mass M and can be treated as a thin plate having the dimensions shown. If
it is connected to a torsional spring at 4, which has stiffness £, determine the required initial twist
of the spring in radians so that the door has an angular velocity @ when it closes at = 0° after
being opened at 6= 90° and released from rest. Hint: For a torsional spring M = k6, where k is

the stiffness and @is the angle of twist.

Given:
M =20 kg a =08m
N-m
k=80 b =01m
rad
rad
w =12 — c=2m
s
P=0N
Solution:
Guess Gp = 1 rad
Given
0]
11
J k0O = ~~Md* &
0p+90 deg 23

@y = Find(6p) 6y = 1.659rad

*Problem 18-32

The uniform slender bar has a mass m and a length L. It is subjected to a uniform distributed
load w, which is always directed perpendicular to the axis of the bar. If it is released from the
position shown, determine its angular velocity at the instant it has rotated 90°. Solve the
problem for rotation in (a) the horizontal plane, and (b) the vertical plane.
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[T

- B |

— ‘1

2 rL )

J xwp dx d@ = —zL"wp ]

0 0 '

1 11 2 3zwp
(a) —7rL2w0 = — —mL2 2] 0= |——

4 2\3 2m

1 1(1 2 L 3zwg 3
(b) —7Z'L2W()= - —mL2 w —-mg— o= p 2

4 2\3 2 2m L

Problem 18-33

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

of radius R + r without leaving the track.

.

ety

.'w,if "f“tr'_'u = {"ﬁ}

Solution:

v2 2 R
mg =m| — VvV =
g R g
2 2

12 2)\[VG 1 2 12 2\(v 1 2
—|=mr || —| +=—mvG —mg2R = —|—-mr ||—| +—=mvy
2\ 5 r 2 2\5 r 2
L+ 102 —2gr+ Lgr+ Lor 3 [2gR
=V =vG = - - VG = =
5G 2G g Sg 2g G 78
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Problem 18-34

The beam has weight 7 and is being raised to a vertical position by pulling very slowly on its
bottom end 4. If the cord fails when 8= 6, and the beam is essentially at rest, determine the
speed of 4 at the instant cord BC becomes vertical. Neglect friction and the mass of the cords,
and treat the beam as a slender rod.

Given:
W = 1500 b o
07 = 60 deg
L=13ft "
h =12 ft i
a="7ft
=322 ft
g = sz >
S
Solution:

oot (524
vy = /@E sin(6;) - (h ; “jJ vy = 14.2%

Problem 18-35

The pendulum of the Charpy impact machine has
mass M and radius of gyration k. If it is released

from rest when 6= 0°, determine its angular velocity

just before it strikes the specimen S, = 90°, using the
conservation of energy equation.

Given:
M = 50 kg
kg =175 m
d=125m
m
g =981 —

2
S
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Solution:
1 2 2gd
0+Mgd=0+—MkA2a)2 W)y = -8<
2 2
kyg
rad
w)y =2.83 —

S

*Problem 18-36

The soap-box car has weight ¥, including the passenger but excluding its four wheels. Each
wheel has weight W, radius r, and radius of gyration &, computed about an axis passing through

the wheel’s axle. Determine the car’s speed after it has traveled distance d starting from rest. The
wheels roll without slipping. Neglect air resistance. Solve using conservation of energy.

Given: F

W, =1101b d = 100 ft

Wy, =51b 6 = 30 deg
r=05ft g=32 L1
2
S
k=03 ft
Solution:
1({ We+4W, 1 (W 2
0+ (We+4my)dsin(60) = 0 + = ——= |1 + —4| —4 || =
2 g 2 g r
2(W, + 4w,,)dsin(0)g &
v = v=552—
i s
We+ 4W,, + 4W,, >
;

Problem 18-37

The assembly consists of two slender rods each of weight W,.and a disk of weight ;. If the
spring is unstretched when 6= 6, and the assembly is released from rest at this position,

determine the angular velocity of rod AB at the instant 8= 0. The disk rolls without slipping.
Solve using the conservation of energy.
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Given:
W, =15 1b k=4—
Wg =201b L =31t

O =45deg r=11t

. rad
Solution: Guess w=1—
S
Given
L 1|1 W 1
0+2W, — sin(Hj) — || = L2 0)2 + —k(ZL - 2Lcos(01))2
2 2|3\ g 2
d
o = Find(0) o= 4284~
S

Problem 18-38

A yo-yo has weight I and radius of gyration k. If it is released from rest, determine how far it

must descend in order to attain angular velocity @. Neglect the mass of the string and assume that
the string is wound around the central peg such that the mean radius at which it unravels is 7.

Solve using the conservation of energy.

Given:
W =031b
ko = 0.06 ft
rad
o =70 —
S
r=0.02 ft
=322 ft
g = J<. 5
S
Solution:
1w 1w
0+ Ws= —(—) (ra))2 + —(—koz) a)2 +0
2\g 2\g
2 2
¥+ ko
s = [—]a)z s = 0.304 ft
2g
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Problem 18-39

The beam has weight W and is being raised to a vertical position by pulling very slowly on its
bottom end 4. If the cord fails when 8= 6, and the beam is essentially at rest, determine the

speed of 4 at the instant cord BC becomes vertical. Neglect friction and the mass of the cords,
and treat the beam as a slender rod. Solve using the conservation of energy.

Given:
cl
W = 1500 Ib ; T
01 = 60 deg /
[
L =13 ft B
f
h =12 ft
a="7ft
=322 ft
g = J<. 5
S
Solution:

L h— ft
vy = /2%5 sin(;) —( > a)J va =142~

*Problem 18-40

The system consists of disk 4 of weight W,
slender rod BC of weight Wy, and smooth collar C
of weight W . If the disk rolls without slipping,
determine the velocity of the collar at the instant the

rod becomes horizontal, i.e. = 0°: The system is
released from rest when 6= . Solve using the

conservation of energy.
Given:

Wy=201b L=3"f

Wpc =41b r=038ft
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ft
We =11b g=32.2—2
S
Oy = 45 deg
Solution:
ft
Guess vg=1—
S
Given
2 2
0+ W £cos(H)JrW Lcos(@)—lEszrl@L— E +0
BC > 0 C 0 2\ g C > g 3 17

ve = Find(ve)  ve = 13.3%

Problem 18-41

The spool has mass mg and radius of gyration k. If block 4 of mass m , is released from rest,

determine the distance the block must fall in order for the spool to have angular velocity @. Also,
what is the tension in the cord while the block is in motion? Neglect the mass of the cord.

Given:
m
mg = 50 kg i =02 m g:9.81—2
S
my = 20 kg ro = 0.3 m
rad
0 =5— ko = 0.280 m
S
Solution:
Guesses d=1m T=1N
Given
1 1
O+O=Emsk02a)2+5mA<ria))2—mAgd A
1 2
0+0-T7d= —mA<rl~a)) —-mygd
2
d .
r = Find(d, T) d=030lm T=163 N
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Problem 18-42

When slender bar 4B of mass M is horizontal it is at rest and the spring is unstretched. Determine
the stiffness & of the spring so that the motion of the bar is momentarily stopped when it has
rotated downward 90°.

Given:
M =10 kg A B k
[ =— W
a=15m
b=15m I a "= b -
m
g =981 —
S
Solution:
2
0+0= 0+%k|:\/(a+b)2+a2—bi| —Mg%
Mga
k= k=a28X

[\/ (a+b)’ +d - b]z m

Problem 18-43

The disk of weight ¥ is rotating about pin 4 in the vertical plane with an angular velocity ®,

when 6= 0°. Determine its angular velocity at the instant shown, 8= 90 deg. Also, compute
the horizontal and vertical components of reaction at A at this instant.

Given:
W =151b
- A
) rad - e, '
o] =2 —
! S .-/ \
6 = 90 deg -I;’.ﬁ" # \ \e
| Y L
E 1 =y | I
r =05 ft [E?) e |
v /
ft R 4
§=322- \ 2 .
s e W
Solution:
rad rad
Guesses Ay =11b 4y, =11b wy =1— a=1—

S
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A d d Ax) (209
- Find(4y, 4y, 02, @) @ =429  wy=948— _ [ jlb
) S2 s Ay 5.0

o

*Problem 18-44

The door is made from one piece, whose ends move along the horizontal and vertical tracks. If
the door is in the open position &= 0°, and then released, determine the speed at which its end 4
strikes the stop at C. Assume the door is a thin plate of weight W having width c.

Given:
W = 180 1b
a=3ft
b =51t
c =10 ft
=322 ft ’
S
Solution:
ft rad
Guesses vy =1— o=1—
S S
Given
2 2
1 W +b +b +b
0+0=——u+ - a)2— = vy = wb
2 g 12 2 2
@ . rad ft
= Find(o, v4) ®=6318—  v4=319—
V4 S S
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Problem 18-45

The overhead door BC is pushed
slightly from its open position and then
rotates downward about the pin at 4.
Determine its angular velocity just
before its end B strikes the floor.
Assume the door is a thin plate having a
mass M and length /. Neglect the mass
of the supporting frame 4B and AC.

Given:
M = 180 kg
l=6m
h=5m
2 (! 2
Solution: d= |h —(—)
2
rad
Guess o=1—
S
1 Ml2 2 rad
Given Mgd = 2\ +Md | o = Find(a)) o =2.03—
S

Problem 18-46

The cylinder of weight W, is attached to the slender rod of
weight W, which is pinned at point 4. At the instant & = 6, the
rod has an angular velocity @, as shown. Determine the angle

Qf to which the rod swings before it momentarily stops.

Given:
Wi =2801b a=1*f
Wy =101b b =2ft
rad
o) =1— I =51t
S

ft
Gy = 30 deg g =322 >
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Solution:
Wil1(a)> b°| Wi b (WP
Iy=—|—-|=| +—|+—|l+=| +|— |—
g [4\2 12 g 2 g )3
Wl+b+Wl
1077) 7725

Wi+ W

d:

Guess O = 1 deg

1
Given ElAwoz - (W] + Wg)dcos(&o) = —(W] + Wg)dcos(é’f)

9y = Find(6)) 0= 39.3 deg

Problem 18-47

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

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

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

kG =45 mm r, = 100 mm

m
d=02m g=98 —

2
S
Solution:
m
Guess vy =1 —
s
Given
2 2
1 2 1 ri 1 2\[ V4 ri
0+0=—mpvg +-mp| —vy| +\mpkG )| — | —mpgd+mpg —|d
2 2 o 2 o o

v = Find(vg) g = 14042
S
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*Problem 18-48

.-""--FF'_ ]
The semicircular segment of mass M is released from rest !/ A
in the position shown. Determine the velocity of point A4 4
when it has rotated counterclockwise 90°. Assume that ."' e
the segment rolls without slipping on the surface. The [
. . . . 1 rl
moment of inertia about its mass center is /.
Given: \
M = 15kg r=0.15m - '
IG =025 kgm> d=04m
Solution:
rad m
Guesses o=1— vg =1 —
s s
. 1 2 12 d
Given MgdzEMvG +Elga) + Mg(d—-r) vg=a)5—
@ . rad m
= Find(w,vg)  w=124—  v5=062 —
VG S s
—d
0 2 —2.48
m m
vA=|0|x| d VA =| 248 | — |va| =3.50 —
= s s
o 2 0.00
0

Problem 18-49

The uniform stone (rectangular block) of weight ¥ is being turned over on its side by pulling
the vertical cable slowly upward until the stone begins to tip. If it then falls freely (T = 0) from
an essentially balanced at-rest position, determine the speed at which the corner A4 strikes the
pad at B. The stone does not slip at its corner C as it falls.

Given: AT
W =150 1b
a =05 ft P
F—1A
b =2ft T
=322 ft
&= 2 L i
S i |
|
Solution: f J
{ ;
d ' CY = A
Guess o =1 nc | [ |
S i
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Given
3

\/az—i—bz 1w az+b2 2 a .
X == W +WE wzFlnd(a))

vy = wb vy =11.9—

Problem 18-50

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

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

Given:
my = 3 kg
mp = 10 kg
mp = 2 kg
d=05m
r = 30 mm
R = 100 mm
- 981 =
g =7 >
S
Solution: Guess vy =1 =
s
Given
2 2 2 2
040 1| mar |[ Vb +1rnBR Vb +1 2 J
= — — — — —mpvp —m
22 7)) T2 k) TR TS
. m
vp = Flnd(vb) vp = 1.519 —
S

Problem 18-51
A uniform ladder having weight W is released from rest when it is in the vertical position. If it is

allowed to fall freely, determine the angle at which the bottom end A starts to lift off the ground. For
the calculation, assume the ladder to be a slender rod and neglect friction at A4.
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Given:
W =301b
L =10 ft
=322 fi
g = sz >
S
Solution:

(a) The rod will rotate around point A until it loses
contact with the horizontal constraint (4, = 0). We

Chapter 18

will find this point first

Guesses
rad rad
07 =30deg w; =1 — aj =1 —

s

2
S

Given

oog [ Bt
(ot [4(2)

a]@ cos(6)) - wf@ sin(6) = 0

g
. rad rad
aj | = Find(w;,a;, 0)) 6=4819deg @ =1794— a;=36-—
S
o] s

(b) Now the rod moves without any horizontal constraint. If we look for the point at which it loses

contact with the floor (4, = 0) we will find that this condition never occurs.

*Problem 18-52

The slender rod 4B of weight W is attached to a spring BC which, has unstretched length L. If the

rod is released from rest when 6= 6;,determine its angular velocity at the instant 6= 0,

Given:

W =251Ib
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2
I

30 deg

6> = 90 deg

~32 L
g =322~

S

Solution:

rad
Guess o=1—
S

Given

o[ E)snlan) o b2 A T - Y2 ) 0 anlr)

3

1 2 2
+—kL 2(1 + cos(Br)) — 1
2 [ (62)) - 1]

o = Findlo) o= 117s 24
S

Problem 18-53

The slender rod 4B of weight w is attached to a spring BC which has an unstretched length L. If the
rod is released from rest when &= 6,, determine the angular velocity of the rod the instant the spring
becomes unstretched.

Given:

W =251b 6; =30 deg

ft
L =4ft g =322 -
Ib °
k=5—
ft
L {
Solution:

When the spring is unstretched 6> = 120 deg
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Given
L 1 2 ym\(1*) 2 (L
0+ W — sin(91)+—kL 1/2i1+cosi6?1”—l] ==l—||— |0 + W= sin(Hg)
2 2 2\ g J\ 3 2
s L[ AT cos(6)) - 1]
— cos -
> 2

o = Find(a)) o= 2.817E
s

Problem 18-54

A chain that has a negligible mass is draped over the sprocket which has mass m, and radius of
gyration k. If block 4 of mass m is released from rest in the position s = s;, determine the
angular velocity of the sprocket at the instant s =s..

Given:
F—
mg = 2 kg
ko = 50 mm
my = 4 kg
5
s =1m X
s?) =2m
r = 01 m 4
- 9.81 —
g =7 >
S
Solution:
rad
Guess w=1—
S
Given

1 2 1 2 2
0-mygs; =5’"A(”CU) +Emsk0 ® —mygs

o = Find(a)) o= 41.8gd
s
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Problem 18-55

A chain that has a mass density p is draped over the sprocket which has mass m; and radius of
gyration k. If block 4 of mass m, is released from rest in the position s = s;, determine the
angular velocity of the sprocket at the instant s =s,. When released there is an equal amount of
chain on each side. Neglect the portion of the chain that wraps over the sprocket.

F—,

Given:

mg = 2 kg s;7 =1m

ko =50mm sy =2m

my = 4 kg r=01m

m kg
g=981— p=08—
2 m
S 1
Solution:
rad
Guess Ty =1Nm 7T)=1Nm w=10—
]
Vi=1Nm Vy;=1Nm
Given
T;=0
S
Vi=-mggs; —2psjg| Py

;= %mA (ro) + %’"sko2 o+ %p(zsl) ()

52 257 — 82
V2 =-mygs2— ps2g| 5" p(2s1 - s2)g s

Ti+Vi=Tr+V>

T
Vi

. rad
Ty | = Find(T;, V[, T2, V32, @) ®=393—

V2

@
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*Problem 18-56

Pulley A4 has weight ¥, and centroidal radius of gyration k. Determine the speed of the crate C of
weight W at the instant s = s,. Initially, the crate is released from rest when s = s,. The pulley at P

“rolls” downward on the cord without slipping. For the calculation, neglect the mass of this pulley
and the cord as it unwinds from the inner and outer hubs of pulley 4.

Given:

Wy=301lb ry =041
We =201b rg = 0.8 ft

kg =06ft rp=

s; =5 ft s> =10 ft

Solution:
rad ft
Guess w=1— vo=1— “a
S S
r-.r-.'-:r--u: '-r—.[u-
Given |_: i
(74 2 2 1fWc 2 r4+rp
—Wesp=—=|— kg o +=|— |vc = Wcs2 Ve = ;
g
@ . rad ft
= Flnd(a),vc) w = 18'9— VC: 11‘3_
Ve s S

Problem 18-57

The assembly consists of two bars of weight #; which are pinconnected to the two disks of
weight W,. If the bars are released from rest at &= 6, determine their angular velocities at the
instant €= 0°. Assume the disks roll without slipping.

Given:
W; =81b
Wy =101b
r=205ft
I =3ft
Gy = 60 deg
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Solution:

rad
Guess o=1—
S

2

! (Wi
Given 2Wy| — sin(&o) 2| — || =
2 g 3

2

o = Find(w)

d
w=52822¢

S

Jo

\S)

Chapter 18

Problem 18-58

The assembly consists of two bars of weight 7, which are pin-connected to the two disks of

weight W,. If the bars are released from rest at 8 = 6,, determine their angular velocities at the

instant @ = 6,. Assume the disks roll without slipping.

Given:
W; =81b
Wy =10 1b
01 = 60 deg
6> = 30 deg
r =205 ft
[ =3ft
Solution:
Guesses
rad ft
w=1— vy =1 —
S S
Given

2W1G) sin(6;) = 2W1G) sin(6;)

vy = ol sin(@g)

1
+2—=
2

[

Wi

g

630
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@ . ft rad
= Fll’ld(a),VA) vy =332— w=221—
VA

Problem 18-59

The end 4 of the garage door 4B travels along the horizontal track, and the end of member BC is
attached to a spring at C. If the spring is originally unstretched, determine the stiffness & so that
when the door falls downward from rest in the position shown, it will have zero angular velocity
the moment it closes, i.e., when it and BC become vertical. Neglect the mass of member BC and
assume the door is a thin plate having weight 7 and a width and height of length L. There is a
similar connection and spring on the other side of the door.

Given:

W =200 1b b =21t

L =121t 60 = 15 deg

a=11tt

Solution: s \\\\Ay )
b '-> ’; L2

b
Guess k=1— d=11{t
ft

AN
Given D a | I

b = G)z +d - 24@) cos(6)

k Ib
(dj = Find(k, d) d= 45351t k=1000—
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Problem 19-1

The rigid body (slab) has a mass m and is rotating with an angular velocity @ about an axis passing
through the fixed point O. Show that the momenta of all the particles composing the body can be
represented by a single vector having a magnitude mvand acting through point P, called the center

of percussion, which lies at a distance rp; = k° / 7o from the mass center G. Here k; is the radius

of gyration of the body, computed about an axis perpendicular to the plane of motion and passing
through G.

Solution:
Hy = (rGo + rpG)mvg = rgomvg + Ige Where I = mhg>
rGOmVG + rpGmvG = rgomvG + mkG o

kG2 0} kG2 ( VG j kG2

PG = =
VG v \r6o) rGo

QED

Problem 19-2

At a given instant, the body has a linear momentum L = mv and iV

an angular momentum H; = I ;@ computed about its mass center. \
G W

Show that the angular momentum of the body computed about
the instantaneous center of zero velocity /C can be expressed as
H;-= I;0® where I} represents the body’s moment of inertia

computed about the instantaneous axis of zero velocity. As
shown, the /C is located at a distance r ;- away from the mass

center G.

Solution:

Hjc =rgicmvg + [go Where  vg = orgic

632



Engineering Mechanics - Dynamics Chapter 19

Hic = rgicmaorgic + Igo

Hic = (IG + erjcz)a)

Hic=Ijco Q.E.D.

Problem 19-3

Show that if a slab is rotating about a fixed axis perpendicular to the slab
and passing through its mass center G, the angular momentum is the
same when computed about any other point P on the slab.

Solution: Aﬁg

Since v =0, the linear momentum L = mv; = 0. Hence the angular
momentum about any point P is

Hp =Igo

Since wis a free vector , so is Hp. Q.E.D.

*Problem 19-4

Gear A rotates along the inside of the circular
gear rack R. If 4 has weight ¥ and radius of
gyration kp, determine its angular momentum

about point C when (a) @z =0, (b) v = @. Wi "
Given: cg
s
W = 4 1bf r=0.75ft '
rad
ocp = 30 — a=15ft
S
» < 2024 kg = 0.5 ft L
s
_pp &
g = sz >
s
Solution:
rad

(a) op =0 —
S

wgr(a+r) — ocpa

VB = a®Cp w4 =
-
2
w W\ 2 ft
H, =|—|vga+|— |kp" oy H, = 6.52slug-—
g g s
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(b) OR = @
wgr(a+r) — ocpa

r

% WY o 2
H, =|—|vga+|— |k  wy H, = 8.39slug-—
s

Problem 19-5

The fan blade has mass m, and a moment of inertia /, about an axis
passing through its center O. If it is subjected to moment M = A(1 — &%)

determine its angular velocity when ¢ =1, starting from rest.

Given:

mp = 2 kg A =3 Nm t] =4s

Io=018 kgm> b =-025 |

Solution:

1] 1]
1 d
0+J Al = ) de = 1om oy = | ali= ) a o] = 20.8 =
0 IoJy s

Problem 19-6

The wheel of mass m,, has a radius of gyration k. If the wheel is subjected to a moment M = bt,
determine its angular velocity at time ¢, starting from rest. Also, compute the reactions which the
fixed pin 4 exerts on the wheel during the motion.

Given:
My

my, = 10 kg t;] =3s

m
kg =200 mm g = 9.81 -
s i

m
b =5N—
S A

Solution:

1] 1]
2 1 rad
0+ btdt = myky @] w] = bt dt w] = 56.25—
2 S
0 my kg™ 0

0+ Axt; =0 Ay =0 Ay = 0.00
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0+ Ayt —mygt; =0 Ay = myg A4, =98.10 N

Problem 19-7

Disk D of weight I is subjected to counterclockwise moment M = bt. Determine the angular velocity
of the disk at time ¢, after the moment is applied. Due to the spring the plate P exerts constant force

P on the disk. The coefficients of static and kinetic friction between the disk and the plate are z, and
Hy respectively. Hint: First find the time needed to start the disk rotating.

Given:

M

W =101b us = 03 W |
) f_ /,;ﬂ

b=101b-— =02

b

Ifln

) =2s r = 0.5 ft :
ft

P = 100Ib g =322 > F B
s

. . . F i {

Solution: When motion begins "|

usPr

bt; = ugPr t] = 5 t; =150s

At a later time we have
2 2
w
0 +J (bt— ,ukPr) dr = (—)r—wg
g)?2
]
12
2g rad
wy = —= | (bt—uPr)dt @y = 96.6 —
2
Wr Yt

*Problem 19-8

The cord is wrapped around the inner core of the spool. If block B of weight W is suspended
from the cord and released from rest, determine the spool’s angular velocity when ¢ = ¢;. Neglect
the mass of the cord. The spool has weight ¢ and the radius of gyration about the axle A4 is k.

Solve the problem in two ways, first by considering the “system” consisting of the block and
spool, and then by considering the block and spool separately.

Given:

Wp =51b
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t;] =3s
/_ ==
Wg = 180 Ib /\J‘. r
i ;]A |
kg = 125 ft K /
rp = 1.5ft = |
ro = 2.75 ft
=322 ft
g = oz > A
S ¥
F
Solution: Wy -
B

(a) System as a whole

ws\ » Wy Wpriti g rad
0+ Wgritj = | — kg 0+ | — (ria))r,' 0=—"7F =248 —
2 2 S

g g Wskq™ + Wpr;

d

(b) Parts separately Guesses T=1b o=1-—
S

. Ws) o -Wpg
Given 0+Ttyri=|— k4 @ Tt — Wpt] = | —— (r,-a))
4 g

T rad

( ] = Find(7, o) T=4811 w=248—

W S

Chapter 19

Problem 19-9

The disk has mass M and is originally spinning at the end of the strut with angular velocity . If it
is then placed against the wall, for which the coefficient of kinetic friction is #;, determine the

time required for the motion to stop. What is the force in strut BC during this time?

Given:
M = 20 kg 60 = 60 deg
rad
o =60 — r = 150 mm
S
m
Ui =03 g = 9.8l >
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Solution:
Initial Guess:

Fcp =1N t=1s Ngy=1N

Given 2
-M = o+ ppNyrt =0

FCBCOS(H)I— Nyt=0

FCBsin(Q)t— Mgt+ upNgt =0

N4 | = Find(Fcp, Ny, 1) Ny=9655N  Fcp=193N t=311s

Problem 19-10

A flywheel has a mass M and radius of gyration k. about an axis of rotation passing through its

mass center. If a motor supplies a clockwise torque having a magnitude M = kt, determine the
flywheel’s angular veliocity at time ¢;. Initially the flywheel is rotating clockwise at angular

velocity w,

Given:

N-m rad
t] =3s o) =2 —
S

M =060kg kg =150 mm k=5

Solution:

1]
MkG2w0 + J ktdt = MkG20)1
0

t
! rad
o] = o) + kt dt w] = 18.7—
S

Mkg 0

Problem 19-11

A wire of negligible mass is wrapped around the outer surface of the disk of mass M. If the
disk is released from rest, determine its angular velocity at time z.
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Given:
M =2kg T
t=3s

r = 80 mm [

Solution:

3
0+Mgrt = EMrza) Mg

Chapter 19

*Problem 19-12

The spool has mass mg and radius of gyration k,. Block 4 has mass m,, and block B has mass m.
If they are released from rest, determine the time required for block 4 to attain speed v,. Neglect

the mass of the ropes.
Given:

mg =30kg mp =10 kg ro = 0.3 m

m m
ko=025m vq=2— g=9.81—2
s
S
my =25kg rp=0.18m
Solution:
m rad
Guesses t=1s vg=1— @o=1—
s s
Given vy = or, Vg = or;

0+ mygtro —mpgtr; = myqvyqro + mpvpri + mSkoza)

t
. m rad
v | = Find(t,vg, o) vp=120 —  @=667—
S S
w
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Problem 19-13

The man pulls the rope off the reel with a constant force P in the direction shown. If the reel has
weight W and radius of gyration kg about the trunnion (pin) at 4, determine the angular velocity

of the reel at time ¢ starting from rest. Neglect friction and the weight of rope that is removed.
Given:
P =81b t=3s g =322 —
W =250 1b 6 = 60 deg

kg =081t r=125f

Solution:
w
0+Prt= (—)kgza)
g
Prt d
= ri o= 60422
Wkg s

Problem 19-14

Angular motion is transmitted from a driver wheel 4 to the driven wheel B by friction between the
wheels at C. If 4 always rotates at constant rate @, and the coefficient of kinetic friction between

the wheels is 4, determine the time required for B to reach a constant angular velocity once the
wheels make contact with a normal force /. What is the final angular velocity of wheel B?
Wheel B has mass my and radius of gyration about its axis of rotation k.

Given:

rad

a)A:16T mp=90kg a=40mm ¢ =4 mm

M = 0.2 kg =120mm b =50mm Fy =50N
. rad
Solution: Guesses t=1s wp=1—
Given Ui Fn(a + b)t = mp kG2wB —5—
||IJ
a [
op(a+b) = wy E —
a
_t
t ) rad
= Fmd(t, a)B) wp = 3.56 — t=512s e
wB S
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Problem 19-15

The slender rod of mass M rests on a smooth floor. If it is kicked so as to receive a horizontal
impulse 7 at point A as shown, determine its angular velocity and the speed of its mass center.

Given: o
M = 4 kg i
l] =2m
I =175m
I =8Ns
60 = 60 deg
Solution:
m rad
Guesses v=1— o =1—
S s
. . Iy 1.2
Given Ism(H) h—-—|=—MIl]"w I=Mv
2 12
0] ) rad m
= Find(w,v) ® =3.90 — v =200 —
% S s
*Problem 19-16
I:I
A cord of negligible mass is wrapped around %::""‘""‘ :‘::}":i """"""" »
the outer surface of the cylinder of weight W Y iy
and its end is subjected to a constant horizontal G "l'-
force P. If the cylinder rolls without slipping at L J_ 4 If
A, determine its angular velocity in time ¢ ﬂ.\( ?f
starting from rest. Neglect the thickness of the e
cord. A
Given:
W =50 1b
P=21Ib /-"’_"\\
t=4s [ "|
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Solution:
1w /4
0+ Pt(2r) = [—(—) r2:|a) + (—j(m))r
2\¢g g
4Ptg rad
w = w=114—
3rw S

Problem 19-17

The drum has mass M, radius r, and radius of gyration k,,. If the coefficients of static and kinetic
friction at A are 1, and p respectively, determine the drum's angular velocity at time ¢ after it is

released from rest.

Given:
M =70 kg Uy =04 6 = 30 deg
m
r = 300mm U =03 g = 9.8l -

ko =125mm ¢t =2s

Solution: Assume no slip

Guesses Fp=1N Fy=1N

rad m
w=1— v=1—  Fpgu=1N
S S
Given 0+ Fpre= Mkoza) V= or Frox = usFN
Mgsin(0)t - Frt = My Fyt—Mgcos(6)t =0
Fy
Fmax Ff S1
Fy | = Find(Ff, Fopae, Fy, @,v) Foax | = | 238 | N v=2836 2
S
» Fy 595
rad
y ®=279—

Since Fr=51 N < Fpgyx =238 N then our no-slip assumption is good.

Problem 19-18

The double pulley consists of two wheels which are attached to one another and turn at the same
rate. The pulley has mass m,, and radius of gyration k. If the block at 4 has mass m,, determine
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the speed of the block at time ¢ after a constant force F is applied to the rope wrapped around the
inner hub of the pulley. The block is originally at rest. Neglect the mass of the rope.

Units Used: KN = 10° N

Given:
my = 15 kg F =2kN
ko =110 mm r; = 75 mm
my = 40 kg ro = 200 mm

t=3s
. m rad
Solution: Guess vy =1— w=1—
s s
. 2
Given —Frit+mygrot = —mpkg @ —mygvqry
V4 = or,

VA . rad m
= Find(v4, o) o = 120.44 — vy =241 —
® s s

Problem 19-19

The spool has weight " and radius of gyration k. A cord is wrapped around its inner hub and

the end subjected to a horizontal force P. Determine the spool’s angular velocity at time ¢ starting
from rest. Assume the spool rolls without slipping.

Given: oy
o
W=301b t=4s ,/(J X
/T \
ko =045t r; =03 ft f s |
II 0 |
b |
P = 5 lb I/‘o = 09 ft '\. ri ;l,ir.'r:r.i.—.r:n_h.. L
~
. rad ft o _,,f/
Solution: Guesses wo=1— vog=1— 1
s s :
-w /4
Given —P(ro - r,-)t = (—)voro - (—jk@za) VO = @r,
g g
YO . m rad
= Find(vo, o) vo=349 —  w=127—
® S s

*Problem 19-20

The two gears 4 and B have weights W, Wy and radii of gyration k, and k5 respectively. If a motor

transmits a couple moment to gear B of M= M, (1 — e?"), determine the angular velocity of gear 4
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at time ¢, starting from rest.
Given:
Wy =151b Wp =10 1b

rqy = 0.8 ft rg = 0.5 ft

kq = 0.5 ft kp = 0.35 ft

My =216t b=05s "

t=35s
Solution:
Guesses
rad rad
=1— wp=1— ImpF =11bs ;
S s \\ !
t ) 1/ |
. bt B 2
Given MO(I —-e ) dt — ImpFrg = | — |k~ op 1 F
0 g y B,
ImpFrgq = | — k4 w4y w4yr4 = WBTB
g
27
. rad
wp | = F1nd(a)A, a)B,ImpF) ImpF = 6.891bs wp =757—
]
ImpF rad
vy =473 —

S

Problem 19-21

Spool B is at rest and spool 4 is rotating at @ when the slack in the cord connecting them is
taken up. Determine the angular velocity of each spool immediately after the cord is jerked
tight by the spinning of spool 4. The weights and radii of gyration of 4 and B are W, k,, and

W, k4, respectively.
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Given: o
W4 =301b Wp =15 1b i e
a’fﬁf & HK\\\ -'ff \\
=03t kg-ost [ ) ==
I £il | | i ! )
- - \ ;] Jas /
rqg = 1.2 ft rg = 0.4 ft \ A \_ 4
G o 4
rad A c ___/ -
w=6—
S
Solution: A,
Guesses 1~
rad rad / Y
oy =1 — wp =1 — re——
S S '\ / ry
—_ __,.LL).
Imp =1 1b-s Y r
L{.I.II
Given
— k4 o—Impry = | — k4 @y Imprg = | — kg wp WAr = OBTB
g 4 g
oy
. @4 1.70 \ rad
wp | = Find(wy, wp, Imp) Imp = 2.141b-s = —
®B 510) s
Imp

Problem 19-22

Disk 4 of mass m, is mounted on arm BC, which has a negligible mass. If a torque of M = Me* is

applied to the arm at C, determine the angular velocity of BC at time ¢ starting from rest. Solve the
problem assuming that (a) the disk is set in a smooth bearing at B so that it rotates with curvilinear
translation, (b) the disk is fixed to the shaft BC, and (c) the disk is given an initial freely spinning

angular velocity @pk prior to application of the torque.
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Given:
= = . rad
my = 4 kg Mp =5Nm wp = —80 28
S
F=60mm a=05s |
b=250mm ¢t=2s
. rad
Solution: Guess wpc =1 —
S

t
(a) Given J M()eat dt = mAa)BCb2
0

d
WBC = Find(a)Bc) WBC = 68.7£
s
t
. at 2
(b) Given J Mpe  dt = mgqopch™ + my
0
. rad
WBC = Flnd(a)Bc) wpC = 66.8 —
s
2 t 2
. r at 2
(¢) Given —my By a)D+J Mpe  dt = mgqowpch™ — my 5 op
0
. rad
OBC = Flnd(a)Bc) wpc = 68.7—
s

Chapter 19

2

r

— o
2) BC

7

Problem 19-23

The inner hub of the wheel rests on the horizontal track. If it does not slip at 4, determine the speed
of the block of weight I, at time ¢ after the block is released from rest. The wheel has weight W,

and radius of gyration k. Neglect the mass of the pulley and cord.

Given:
Wy =10 1b rp=1ft
t=2s ro = 2 ft
ft
Wy =301b g=3»2.2—2
s
kg = 130 ft
. ft
Solution: Guesses vg =1—
s
ft d
wp=l— T=1b w=I1-—
S s
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: Wb Wy Ww) 2
Given Tt-Wpt= VB T(”o+7’i)f= — vgri+| — k" @
g g g
VG = wry VB = a)(ri + ’”0)
VG
. rad ft ft
= Find(vg,vg, @, 7) T=4731b w=113— vg=113— vp=340—
S S S
T

*Problem 19-24

If the hoop has a weight W and radius » and is
thrown onto a rough surface with a velocity v,

parallel to the surface, determine the amount of
backspin, @), it must be given so that it stops

spinning at the same instant that its forward

velocity is zero. It is not necessary to know the o B R
coefficient of kinetic friction at 4 for the
calculation.
. W
Solution:
1 {ris) »
w w = "
(—ijr— (—)rzw() =0 // \\\\\ Vi
g g f '-.II '\.II
II | - (s | Il
L] ! .'l
N A F ;
VG o //
) = — —
r -
.'?"\-"

Problem 19-25

The rectangular plate of weight ¥ is at rest on a smooth horizontal floor. If it is given the
horizontal impulses shown, determine its angular velocity and the velocity of the mass center.
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Given:
W =10 b
I; =20 1b-s
I =51bs
a=05ft
b =2ft
c=1ft
Solution:
Given
S
e

e

Chapter 19

h

Dynamics
d=05ft ¥
6 = 60 deg ;
|
e=3 g
f=4 /
f
=322 ft .
g = J<. > ;
s
ft ft
Guesses ve =1 N vy =1 N

11+ cos(ﬁ) = (V—V)vx
g

1; - I>sin(6) = (E)vy

g

[ﬁjn a - Isin(0)(b - d) = %(9(172 - o (QW@ " &V) Vy@

Vx

vy | = Find(vx, v, a))

@

Vx
VG =
Yy

w=-119—
S

59.6 \ ft
VG = —
G 247 ) s

|vg| = 645 1
S

Problem 19-26

The ball of mass m and radius r rolls along an inclined plane for which the coefficient of static
friction is . If the ball is released from rest, determine the maximum angle & for the incline so that
it rolls without slipping at 4.
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ng

&

j’_fﬁx’l

LN
N

Solution:
Nt—mgcos(H)tzO N:mgcos(H)
Nt 2 2 ; 20r
rt=—mr o =
a S,ugcos(H)
re
in( @)t — uNt = t=
sl Ol = e FERppEE)
Thus
2o0r 3 ro 0 - atan(7—ﬂ)
Sygcos(é’) g(sin(@) - ,ucos(é’)) 2

Problem 19-27

The spool has weight 7, and radius of gyration k,, If the block B has weight /¥, and a force P is

applied to the cord, determine the speed of the block at time ¢ starting from rest. Neglect the mass
of the cord.

Given:

Wy =75b t=>5s
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ko =12t  r, = 2ft

Wy = 60lb ;= 0.75ft

P = 251b Ti
Solution: L
ft rad
Guess vg =1— o =1—
s s
Given  E—
-w, W, i
—Prot+ Wprit = ( )vBr,- - (—S]koza) =
g g
B
vp = or; _
VB ) rad ft
= Fmd(vB, a)) w=568— vg = 4.26 —

Chapter 19

*Problem 19-28

The slender rod has a mass m and is suspended at its end A by a cord. If the rod receives a
horizontal blow giving it an impulse I at its bottom B, determine the location y of the point P

about which the rod appears to rotate during the impact.

Solution:

FAt = mvgy,

mAt = lo

Iy=Iw

1 12+ 12
=m — -—| o
R T CA

I =mvgy,

I=m=o (2)

Divide Eqgs (1) by (2)

2504

(D

y_(§+@jl | B

4 12
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Problem 19-29

A thin rod having mass M is balanced vertically as shown. Determine the height % at which it
can be struck with a horizontal force F and not slip on the floor. This requires that the
frictional force at 4 be essentially zero.

Given: - I ¥
M=4kg L =08m
J—a
Solution: ¥
L f
Ft= MCOE h a‘lf_i; ]
2
L h
Fth=M—w ¥ A
3 .
Thus T
N |
L 2 R P I I PP
Ma)_h:M_a) - - el | - P P
2 3
2
h = EL h=0.53m

Problem 19-30

The square plate has a mass M and is suspended at its corner 4 by a cord. If it receives a horizontal
impulse I at corner B, determine the location y’ of the point P about which the plate appears to rotate
during the impact.

Solution:
a 1 2 6 1
I—=-Ma o 0=——
\/E 6 \/EMa
I=M !
=My VG = —
G G=7;
r VG r ﬁ
y'=— y'=—"—a v
w 6 :
« NG
y:——y y=—a
\/E 3

Problem 19-31
Determine the height /4 of the bumper of the pool table, so that when the pool ball of mass m strikes
it, no frictional force will be developed between the ball and the table at 4. Assume the bumper

exerts only a horizontal force on the ball.
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Solution:

7
FAt = MAvy  FAth = ngzAa) Av = rdw

Thus

7 7
MrAwh = ngzm h=r

*Problem 19-32

The double pulley consists of two wheels which are attached to
one another and turn at the same rate. The pulley has a mass M

and a radius of gyration k. If the block at 4 has a mass M, and
the container at B has a mass M}, including its contents,

determine the speed of the container at time ¢ after it is released
from rest.

Given:

Mc =15kg ko = 110 mm

My =40 kg r; =200 mm

Mp =85kg ry) =75 mm

t=3s
Solution:
m m rad
Guess vy =1— vg = 1— o =1—
s s s
Given Mygtr; —Mpgtryo = Myvyr] +MBvBr2+Mck02a)
V4= or] VB = wr)
VA
. rad m m
vg | = Find(v4,vp, @) 0=212— vy =423 — vg = 1.59 —
s s s
1)

Problem 19-33

The crate has a mass M. Determine the constant speed v, it acquires as it moves down the

conveyor. The rollers each have radius 7, mass M, and are spaced distance d apart. Note that
friction causes each roller to rotate when the crate comes in contact with it.
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Solution:

Assume each roller is brought to the condition of roll without
slipping. In time ¢, the number of rollers affected is v,#/d.

Mcgsin(é’)t -Ft=0

F = Mcgsin(ﬂ)
Fire 1M2 Yo( Vo '
r=|oMr—| - g Mg Mg

F=Mgsint Gy G,

N

Problem 19-34

Two wheels 4 and B have masses m, and m and radii of gyration about their central vertical
axes of k, and kj respectively. If they are freely rotating in the same direction at @, and @y about

the same vertical axis, determine their common angular velocity after they are brought into
contact and slipping between them stops.

Solution:

mAkAza)A + mBkBZa)B = (mAkA2 + mBsz)aJ

mAkAza)A + mBsza)B

=
my kA2 + mBsz

Problem 19-35

The Hubble Space Telescope is powered by two solar
panels as shown. The body of the telescope has a mass M,

and radii of gyration k, and k,, whereas the solar panels
can be considered as thin plates, each having a mass M.

Due to an internal drive, the panels are given an angular
velocity of @pj, measured relative to the telescope.
Determine the angular velocity of the telescope due to the
rotation of the panels. Prior to rotating the panels, the
telescope was originally traveling at Vg = (v +v,j + v K).
Neglect its orbital rotation.
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m

= —400 —
m
= 250 —

m
=175 —
s

Units Used: Mg = 103kg
Given:
rad
M; =11 Mg wg = 0.6 — Vy
S
My = 54 kg
a=15m vy
ky = 1.64 m
ky = 3.85m b=6m vz
Solution: Angular momentum is conserved.
rad
Guess or =1—
s
1
Given 0= 2(EM2 bz)(a)() - a)T) - (M] kyz) T

Chapter 19

T = Find(a)T)

rad

w7 = 0.00 —

S

*Problem 19-36

The platform swing consists of a flat plate of weight 17, suspended by four rods of negligible
weight. When the swing is at rest, the man of weight 7, jumps off the platform when his center

of gravity G is at distance a from the pin at 4. This is done with a horizontal velocity v, measured
relative to the swing at the level of G. Determine the angular velocity he imparts to the swing just

after jumping off.
Given: —
A vy
W, =200b a = 10ft el 1
Wy = 150lb b = 11ft {
ft | 1
v=>5— c = 4t | | a
S | -|.
Solution: | / ;" :
Guess o =1 rad ‘:(:\f ] \
ul =1— b
s N -
Gi 0 _Wm( ) + Wp 6’2 + b2 ."-_'.I'_-- -'ﬂ[a il
iven = v— wa)a+—| — @ | FI/ | '
g g 12 ."II ! ‘II I
d
= Find(a)) w = 0.190l
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Problem 19-37

Each of the two slender rods and the disk have
the same mass m. Also, the length of each rod is
equal to the diameter d of the disk. If the
assembly is rotating with an angular velocity o,
when the rods are directed outward, determine
the angular velocity of the assembly if by

internal means the rods are brought to an upright

vertical position.

Solution:

H; =H)

(g e andfo-

Chapter 19

o

(&l e

Problem 19-38

The rod has a length L and mass m. A smooth
collar having a negligible size and one-fourth
the mass of the rod is placed on the rod at its
midpoint. If the rod is freely rotating with
angular velocity @ about its end and the collar
is released, determine the rod’s angular
velocity just before the collar flies off the rod.
Also, what is the speed of the collar as it
leaves the rod?

Solution:
H; = H>
1 2 m\( L L 1 2 m 19
—mL o+|—|—-|o=-|=-mL @+ |—|Lo'L w=—w
3 4 )\ 2 2 3 4 28
T +Vi=T2+7V>
11 2 2 1(m\(L N 1(m\ 2 1(m 2 1(1 ) 2
—|=mL" o +=|—||zo| ==— |V +=|— (La)') +—=|—mL" |
2\3 24 )\ 2 2\ 4 2\ 4 2\3
2_ 51,0
112
57 2 2 19 2 95 " = 0.985wL
Vi= | L0 +|I[| = V= | = aL Vo= Boeae
112 28 98
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Problem 19-39

A man has a moment of inertia /. about the z axis. He is originally at rest and standing on a small
platform which can turn freely. If he is handed a wheel which is rotating at angular velocity @ and has
a moment of inertia / about its spinning axis, determine his angular velocity if (a) he holds the wheel
upright as shown, (b) turns the wheel out 8= 90°, and (c) turns the wheel downward. 6= 180°.

Solution:
'~_”
a 0+Io =Loy+Ilo woy=0 ]
@ ZoM M ﬁﬂm“
1 | b '\._\_::-""
(b) 0+ 1w = Lwy+0 a)M=I—0) by
;. ;
21
(c) 0+ 1w =Loy-Ilo a)le—a)
Z

* Problem 19-40

The space satellite has mass m  and moment of inertia /.- excluding the four solar panels 4,B,C,
and D. Each solar panel has mass m, and can be approximated as a thin plate.If the satellite is
originally spinning about the z axis at aconstant rate @,, when 6= 90°, determine the rate of spin

if all the panels are raised and reach the upward position, 8= 0°, at the same instsnt.

Given:

rad
mgg = 125 kg a=02m a)Z=0.5T

I, = 0.940 kg-m> b = 0.75 m

mgp = 20 kg c=02m

. d
Solution: Guess w; =1 Tad
S
Given = : N Ty
]Z+47b +c )+ mgy a+5 wZ=[Z+476 +mgpa” ||o:2
rad
;) = Find(a)zg) w;) = 3.56 —

S
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Problem 19-41

Rod ACB of mass m, supports the two disks each of mass m, at its ends. If both disks are given
a clockwise angular velocity @,; = wg; = @, while the rod is held stationary and then released,

determine the angular velocity of the rod after both disks have stopped spinning relative to the rod
due to frictional resistance at the pins 4 and B. Motion is in the horizontal plane. Neglect friction

at pin C.
Given:
S e wld o 2
my = Q,kg I!_r.f"-'“_\l ( ll.’f -
m p | B = fay BA |
mg = \ ha \ \ ¥
d g r-u_-.-'\“'--- | s, L A
rad F ro ;
w) =5 —
S
a=075m
r=015m
Solution:
1 2 1 2 2 My 2
20 —mg |\ ¥ wp = 2| —=mg |~ +2mga” + — (2 10
(2 d) 0 {(2 d) d 12(a)}z
2
mgr rad
) = ol > = 0.0906 —
2 2 (mrj 2 S
mgr-+2mga” + 3 a

Problem 19-42

Disk A4 has a weight W ,. An inextensible cable is attached to the weight
W and wrapped around the disk.The weight is dropped distance %

before the slack is taken up. If the impact is perfectly elastic, i.e., e= 1,
determine the angular velocity of the disk just after impact.

Given:

Wy=201b h=2f

W =10 1b r=05ft

Solution: #
vy =+2gh W |
rad ft
Guess oy = 1— vy =1—
s S
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o (D= ()7
Given —\vjr=|—|vr+|—|—w V) = oor
g g g)2

V2 . ft rad
= Find(v2, @) V) = 5.67— wy =113 —
) S S

Problem 19-43

A thin disk of mass m has an angular velocity @, while rotating on a smooth surface. Determine its

new angular velocity just after the hook at its edge strikes the peg P and the disk starts to rotate
about P without rebounding.

Solution:
1=H e —
/ ) ™
e i i w
—mr o] =|=—mr  +mr |o) .
2 2 —_— q
== iy
| |
0w)=—w
2 3 1

*Problem 19-44 _.1,".|u;- ;

The pendulum consists of a slender rod 4B of weight /¥, and a
wooden block of weight W,,. A projectile of weight W, is fired into

the center of the block with velocity v. If the pendulum is initially at d
rest, and the projectile embeds itself into the block, determine the
angular velocity of the pendulum just after the impact.

Given: 33
ft ft |
Wp=5Ib W,=021Ib v=100— g=322— .
§ 52 L_ [
Wp=101b a=2f b=1*H
L]
Solution: E I o
A b w\&) (W62 (W N2 (W »\?
— Ma+—=|=||—||=—|+|—||—=|+|—la+=]| +|—||la+—=]| |o
g 2 g /\3 g )\ 6 g 2 g 2
W, +b
v a —
p 2 694rad
W)y = ) = 694 —
Wa2+Wb2+W +b2+W +b2 S
e o a4 = a4+ =
ry T TR AT P\“7 Y
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Problem 19-45

The pendulum consists of a slender rod 45 of mass M, and a disk of mass M,. It is released

from rest without rotating. When it falls a distance d, the end 4 strikes the hook S, which
provides a permanent connection. Determine the angular velocity of the pendulum after it has
rotated 90°. Treat the pendulum’s weight during impact as a nonimpulsive force.

Given:

M; = 2kg r=02m

My = 5kg [ =0.5m A
i
_ &
d = 03m ) |
Solution:
vy =+/2gd

2 2
[
Iy = M]? +M2% +M2(l+r)2

Guesses
rad rad
oy =1— w3 = 1—
S s
Given

l 1 2 1 2 /
M]V]E + Movi(l+7r) =107 ElAa)z = ElAa)3 —M]gE -Mog(l+7)

w2 . rad rad
= Flnd(a)g, a)g) wy =3.57T— w3 = 646 —

3 S S

Problem 19-46

A horizontal circular platform has a
weight W, and a radius of gyration £,

about the z axis passing through its center

0. The platform is free to rotate about the

z axis and is initially at rest. A man having

a weight 7, begins to run along the edge

in a circular path of radius 7. If he has a | ,- ,:g ==
speed v and maintains this speed relative ' dA .
to the platform, determine the angular ] 7S
velocity of the platform. Neglect friction. e jy id —
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Given:
ft
W; =3001b v=4—
S
Wy = 150 Ib
r=10f =381
Solution:
Mvr=I1ow
w> Wi - d
el @ =Wy w=03122
g g Wik, s

Problem 19-47

The square plate has a weight /¥ and is
rotating on the smooth surface with a
constant angular velocity @,- Determine

the new angular velocity of the plate just
after its corner strikes the peg P and the
plate starts to rotate about P without
rebounding.

Solution: e

*Problem 19-48

Two children 4 and B, each having a mass M, sit

at the edge of the merry-go-round which is rotating b e — o

with angular velocity @. Excluding the children, the f— . i
merry-go-round has a mass M, and a radius of "& | e _/éirvj
gyration k.. Determine the angular velocity of the

merry-go-round if 4 jumps off horizontally in

the —n direction with a speed v, measured with
respect to the merry-go-round. What is the
merry-go-round’s angular velocity if B then jumps
off horizontally in the + direction with a speed v,
measured with respect to the merry-go-round? T
Neglect friction and the size of each child.
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Given:
M; = 30 kg k; = 0.6 m
My =180kg a =0.75m
rad m
w=2— v=2—
s s
Solution:
rad
(a)  Guess wy = 1—
s
Given (Mg 2+ oM, az)a) - (Mg 2+ M, az)a)g
. rad
)y = Flnd(a)g) wy =241 —
s
d
(b)  Guess w3 = li
S
. 2 2 2
Given (Mgkz +Mja )a)gzMng a)3+M1<v+ wga)a
d
w3 = Find(a)g) w3 = 1.86i
s

Problem 19-49

A bullet of mass m, having velocity v is fired into the edge of the disk of mass m, as shown.
Determine the angular velocity of the disk of mass m, just after the bullet becomes embedded in it.

Also, calculate how far € the disk will swing until it stops. The disk is originally at rest.

Given:
mp =7gm mg=>5kg ¢ =30deg A0
_,-"; H"\ e
’ "\“ -
v=8002 r=02m Y/ /4.25_, Y /
S { y ﬁ'n"'.l \
Solution: l.l I.l
rad \ \ 4
Guesses o = 1 — 6 = 10 deg . It ¥
S \ﬂ-\.\_\_\_-_ _;\___.f,f
. 3 1(3 2
Given  my vcos(¢)r = Emdrza) —-mggr+ E(Emdrzj 0 = —mdgrcos(H)
@ d
( j - Find(, 6) 0=3232 9=328deg
1) S
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Problem 19-50

The two disks each have weight W. If they are released from rest when 6= 6,, determine the
maximum angle &, after they collide and rebound from each other. The coefficient of restitution
is e. When 6= 0° the disks hang so that they just touch one another.

Given:
ft r 2r u
g =322 — | [
SZ p— = g i —
2]
W =101b /Afat ;J\ /iyfﬁ >
r /
Al f i . y
67 = 30 deg [ \/ =2 II ' r |I
|
e =0.75 \ /
r=11f \
Solution: o o
rad rad
Guesses w] =1— wy =1— 6> = 10deg
s s
(3w
Given —Wrcos(Hj) == ——r2 a)12 -Wwr
2\2 g
erm] = rwy
(3w
-Wr+— ——r2 0)22 = —Wrcos(&g)
2\2 g
]
] 2.40 \ rad
® | = Find(w;, w3, 6)) = — 0> = 22.4deg
w2 1.80 ) s
)
Problem 19-51 B

The rod 4B of weight W is released from

rest in the vertical position. If the coefficient

of restitution between the floor and the

cushion at B is e, determine how high the

end of the rod rebounds after impact with !

the floor.
Given:
W =151b
1 il A
[ =2ft L
e =0.7
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Solution:
rad rad
Guesses o] =1— wy =1— 6 = ldeg
s S
Given
N (NP 2 N . (W P
—|==|—|=w; ew;l = wyl —|sin(6) = =| = — w)
2 2\g /3 2 2\g ) 3
]
Find( 0) P[P 29344
wy | = Find|lw;, @, = — =29.34de
? e w2 4.86) s s
0
h = Isin(6) h = 0.980 ft

Chapter 19

*Problem 19-52

The pendulum consists of a solid ball of weight
W, and a rod of weight ... If it is released from

rest when 6, = 0°, determine the angle 6, after the

ball strikes the wall, rebounds, and the pendulum
swings up to the point of momentary rest.

Given:
Wp = 101lb e =0.6 L = 2ft
ft
W, = 4lb r = 0.3ft g = 32.2—2
Solution: §
W\ 12 2(Wp) o Wp 2
Iy=|—||—|+—=|—|r +—(L+7)
gJ\3 50 ¢ g
rad rad
Guesses o] =1— wy =1— 6> = 10deg
s s

L 1
Given 0=-Wp(L+r) - Wr(;j + EIAa)IZ
e(L+nrnow;=(L+rw

LY 1. 2 Y] .
—Wi(L +7) — Wr(g) + 5y = —|:Wb(L +7) + W{Eﬂ sin(6;)

o]
) o] 5.45 ) rad
) | = Fmd(a)] , @2, 92) = — 6> = 39.8 deg
@) 327) s
)
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Problem 19-53

The plank has a weight W, center of gravity at G, and it rests on the two sawhorses at 4 and

B. If the end D is raised a distance ¢ above the top of the sawhorses and is released from rest,
determine how high end C will rise from the top of the sawhorses after the plank falls so that it
rotates clockwise about 4, strikes and pivots on the sawhorses at B, and rotates clockwise off

the sawhorse at 4.

Given:
W = 30lb b = 1.51t 1 B
I ——p [ - -
a =3t c¢=2ft : r-"-'I:'?—-la"_"w'-._ G _.-'J@:-
¥ W .-'i"l i
A W i )
Solution: - o A P S e a o
1(w w
Ig = —| = |4(a+b)? Iy = Ig+| = |p?
rad rad
Guesses o] = 1— o) =1— 6 = ldeg h = 1ft

S

. b L2
1ven CcC = — (4]
w+a) 24Y

Wb sin(@) = %IAa)gz

]

“2 | = Find(w;, @, 0,4)

S

/4
-lgo] + (—)a)] bb=-14w)
g

h = (a+ 2b)sin(0)

o]

1.89 \ rad
wy ) L095) s

0 =4.8deg

h = 0.500 ft

Chapter 19

Problem 19-54

Tests of impact on the fixed crash dummy are conducted using the ram of weight W that is
released from rest at &= 6, and allowed to fall and strike the dummy at 8= 6,. If the

coefficient of restitution between the dummy and the ram is e, determine the angle 6; to

which the ram will rebound before momentarily coming to rest.

Given:

W =300l e=04

0; =30deg L =10 ft

ft
90 deg g =322 -

S

02
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Solution:
ft ft ™ T~ T,
Guesses vi = 1— vy =1— Pl
S S | L
L
03 = 1 deg ' - .
Given
(w
-WL sin(¢91) = 5(—) v12 -WwL sin(@g)
g
1({ WY 2
—WLsin|07) + —| — = —WLsin| 0
(62) 2( g)vz (03)
evy =)
Vi
Find( 03) ! 74 & 03 = 66.9 d
V2 | = Find\vy,v), = — = 66.9de
1-72:73 V) 718 )s I -
03

Problem 19-55

The solid ball of mass m is dropped with a velocity v; onto the edge of the rough step. If it
rebounds horizontally off the step with a velocity v,, determine the angle @ at which contact
occurs. Assume no slipping when the ball strikes the step. The coefficient of restitution is e.

Mg

Solution:

No slip wyr=v) cos(H)
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2
Angular Momentum about 4  mvy rsin(ﬁ) =mv) rcos(H) + gm r2w2

Restitution evj cos ( H) = sin( 0)

, 7 ]
Combining we find 0= atan( ?e

*Problem 19-56

e
A solid ball with a mass m is thrown on the ground i o \\\,\
such that at the instant of contact it has an angular 4§
velocity @; and velocity components vg,; and vg,,

as shown. If the ground is rough so no slipping
occurs, determine the components of the velocity b r,;"'
of its mass center just after impact. The \ >

coefficient of restitution is e. S

Solution:

Restitution eVGyl = VGy2
2 2 2
Angular Momentum gmr ®] —mvGgxlT = gmr W) +MmvVGx2 T

No slip VGx2 = O T
Combining Eval = zro)l
vaa=|"7
€VGyl
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