Engineering Mechanics - Dynamics Chapter 17

Problem 17-1

The right circular cone is formed by

revolving the shaded area around the x v :
axis. Determine the moment of inertia I, y \
and express the result in terms of the total y ;, * ;’r |
mass m of the cone. The cone has a - / ",
constant density p. /

Solution:

Problem 17-2

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

Solution: 'l‘
27
m
m:J pRAO=27pR p=—
- — 1
27

l,=—— | RR%do=mR%® I,=mR?

|
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 y.

Given:

Ib . .
y=380— a=3in b=3in
ft3
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Solution:
b
y3 i
m = yr|la—| dy m = 0.083slug
3
b
JO ‘
b h b
.
1 y32 y32 2 [5) =" }
ly = 757 a= | la=s dy ly=0.201slug-in 1
b b u
“0
ly
k= [—= k=156in
m
*Problem 17-4
.'l..‘ ¥
Determine the moment of inertia I, of the sphere and .
express the result in terms of the total mass m of the N
sphere.The sphere has a constant density p. r
—J
Solution:
r
2 4 3 3m
m = pr\r" =X )dx==r"pz p=—— L
-r 3 4nr Y=
= dx
r , ,_":|'//?i~. ¥
3m r 2 3| omml
IX:— z(I'Z—XZ) dX |X=—ml’ 'Iléj"'
4drr _J 2 > s-%}/
- r 1 -
Problem 17-5

Determine the radius of gyration k, of the
paraboloid. The density of the material is p.

Units Used: Mg = 106 gm
Given:
h = 200 mm
r = 100 mm
Mg
= 5 _—
P 3
m
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Solution:
~h
2
Xr
M = p;{Tj dx M = 15.708 kg
“0
~h
2 2
1 Xr 2
Iy = —pﬂ'(—j dx Iy = 0.052 kg-m
2 h
‘0
Ix
kx - M kx = 577 mm
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
r 2 X2 2 2 3m
m = p b 1——2 dx=—apab™ p= 5
a 3 2azh
0
a
3m 1 2 X2 : 2
IX: 2 —ﬂ'b l—_2 dX IX:—mb
2azh 2 a
0
Problem 17-7
i
Determine the radius of gyration k, ( ¥y }‘ _

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

Given:
380 Ib
Y= .
ft3
h=8in
r=2in
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Solution:
~h
2
) 3
M = zlr| — dx
7 (h)
Y0
~h
i 4
I ! r X ’ dx
= — v —_
X 277"k
Y0
Ix .
kx = M kx = 1.20|n

M = 0.412slug

Iy = 0.589 slug-in’

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.

2
IX = gmb

Solution: i
a 2 Jl'l
X 4
m:J p;rbzl—— dX=—ap7rb2
2 3
a
-a
3m
p =
4a7rb2
2 2
2
3m 1 X
IX = 2 — 7T b2 l — _2 dX
darb 2 a
-a
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.

507



Engineering Mechanics - Dynamics Chapter 17

Solution:
_a(h—z)
~2h
" 2
a(h-2) 1 2
[ h } 3"
0
3m
p=—
ha2
h :
4 ”
3m lla(h-2) <
= s | @
ha 0
1 2
IZ__ma
10

Problem 17-10

The concrete shape is formed by rotating the shaded area about the y axis. Determine the moment
of inertia 1,. The specific weight of concrete is y.

Given: .y
a==6in
b=4in ,
PEER Rt Lt
h=8in e L
o
150 2 N
Y= ™
3 | 1
Solution: _____T '.-,.{;-']‘
o
h
1 4 1 2y 2 2
ly = —rz(a+b) ——=x|a"=| |dy ly = 2.25slug-ft
2 2 h
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 t, and the
material has a density of p.
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Given: E"
a =140 m >

r = 150 mm /

t = 50 mm
kg
=50 —
P 3
m
Solution:

\._/' .1‘"

2 2 5
2a r 2a
o = pazt(Tj - |:p ﬂrzt(?j +p ﬂrzt[\/—T) } lo = 6.227 kg-m?

Chapter 17

*Problem 17-12

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

The material has a density p.

Given:
r=02m ,-":f":. / ---H“J
el
rp =04m
hy = 0.6 m
hp) =0.8m
k
p = 200 —% - ;
S L) -
m g 2
-
Solution:
ra hp
hy = hg = hz—hy
-n

2 2 2
L 7y hg 3 i o | prarihy 3 . o | par2Thy 3 i 2
2= 73 \10)? 3 10) L 3 10) 2

I, = 1.53kg-m?

I,
/
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Problem 17-13
‘)

Determine the moment of inertia of the assembly = LM
about an axis which is perpendicular to the page / N B
and passes through the center of mass G. The ‘

material has a specific weight y.

Given:

a=05ft r =1ft

b=025ft rp=2ft

c=1ft Ib e
y =

Solution:

1 1 1
Ig = EVﬂc(rz + 6)4 - Sra(c=b) 2’ - YA r’ 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 y.

Given:
a=05ft L™
b =0.25 ft ‘
c=1ft
r=1ft
™
% Ib
]/ = —_— o -
ft>
Solution:

3 1
lo = E?’nc(rz + 6)4 N [57”(0 ~b) 1" + ya(c — b) r22(r2 " 3)2}
1
Lt el

lp = 283slug~ft2
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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 A.

Given:
M1 = 10 kg
Mo = 2 kg
r = 500 mm
Solution:
2 .
2 r Co—
Ig = M1r +4M2(?j A
2 2
I = Ig+ (M1 +4Mp)r Ip = 7.67kg-m

Problem 17-16

The slender rods have a weight density 7. Determine the moment of inertia of the assembly
about an axis perpendicular to the page and passing through point A.

Given: ‘_fl,"&f o X
_ 3 Ib
7/ - ft [7)
a=2ft N
[ |
b=1ft |
c=15ft
iy L]
Solution: I ’ T ’ *
2 2
a+b 2C
In = Ha+ b){%}  (20) % + 1(20)a° Ip = 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: V7 4 x\
2 J';. _,r'r"r '-.\-x "\.\1
1 a)sin(60 de r/ 4 kT
lp = 3{—m a2 + m[u} } y ,r"j A ‘\
12 3 afy A\
£ A N
f.-“f 1\1 %
| 1 m a2 o 4 % \‘"\.L b
0=7 y W
f . '\\L.
? ¥, /j )
y T

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 A.

Given: ._115 J ‘
_, b
™
i
a=2ft
b=15ft — ;1
Solution: l. ol o
1 1
Ip = 5ya3 ; Ey(zb)3 + ¥(2b) a° Ip = 1.58slug:ft

Problem 17-19

The pendulum consists of a plate having weight W, 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
a >
Wp =12 1b | ‘x:.rr
Wr = 4 Ib — IlJ e |
a=1ft
b=3ft
c=2ft
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Solution:
2
1/ b 2 1( ¢ 2 1 2 a
lo = — Wb~ + — Wee™ + =Wpa +Wp| b+ —
© 3(b+c) r 3(b+c) TP p( 2)

o = 4.921 slug-ft>

lo
ko= | —— ko = 3.146 ft
Wr+ Wp

*Problem 17-20

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

Units Used: ; — —
I [y i
Mg = 10° kg I:‘: ¢
Given: N
——
- 7 85 m 1 b} r
p =1 3 ¢ =180 mm :
m
8
a =20 mm d = 30 mm '
— <
b = 50 mm e = 20 mm eT." .
Solution: d—e | o L . o
2 2 2 2
e e e c-2d adc
|X=2ﬂ— bl=| +pz|=|Db L2 (d2+c2)
2 \2 2 2 2 12

Iy = 3.25 x 10 >kg-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:

Mg = 10° kg
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Given: e ] I T i
{
= 7. — L]
Yol 85 3 o w
m
a =20 mm T
b = 50 mm ' * r
¢ = 180 mm i
d = 30 mm - . @ 7
B o
e =20 mm | P ! !
o — - = b -
i d
Solution:
2 2 2 2
e e e c-2d adc
IX:ZE— b|=| +pz|=|Db .2 (d2+c2)
2 \2 2 2 2 12
2 2
e c-2d _
e = |X+|:2p7z(zj b+padc:|( > ) ly = 7.19 x 10 kg-m?

Problem 17-22

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

weight .
Given:
f L
a=025ft 1
. N0
b =2 ft T X
c=3ft
I b 1 [ 1
Ib
yst = 490 —
ft
Solution:

1 31 1
Iy = [Eﬂ(za)zc(za)2 + 7 5;z(za)z(zb) (2a)% - % Eﬁazba2:|}/st

Iy = 5.644 slug-ft
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Problem 17-23 e {] e

|| wvv IR
The pendulum consists of two slender rods AB and OC which have a ! L) |-
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: ' .
kg
p1 =3 — a=04m c=01m
m
k .
p2:12—i b=15m r=03m P L '
m / (a \\
Solution: I- :ﬁ._1 T
" A
<
b 2 2 —~
p1 b@ + pol?? — )b+ 1
y' = y' =0.888 m
pa(b +28) + pprli? - ?)
1 1 P2 P2
o = —p;|_(2a)3 +—=p1 b3 + | — 7zl’4 + p27rr2(r+ b)2 —|| —= 7ZC4 + p27Z02 (r+ b)2
12 3 2 2
2 2)]..2
Ic = lo- [p1(2a +b) + pzﬂ(f -c )]y
2
Ig =5.61kg-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 u and g respectively. Neglect the mass of the tires. The car has rear-wheel drive and the

front tires are free to roll.

Given:

M =975kg us = 0.8

a=182m uk = 0.6

m e h o
b=220m g:9.81—2

S
h =055m
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. My
Solution: '
h
First assume that the rear wheels B = | —
are on the verge of slipping FB = usNB Y ’ |'l’f \\\,
Pl N R SN
Guesses A u N 4—1— F
m L
NA=1N Ng=1N ag=1— b
32 Na Ng
Given |
usNB = Mag NA+Ng-Mg=0 —
Y - TT |f ﬁ\‘.\‘_x
—Naa+ Ng(b—-a) — usNgh =0 =\ /’f 1&.;/}-_
ft -',l
NA Mg, i
Ng | = Find(Na.Ng.ag) () 812
B | = Fin ,Ng,a = agy =812 —
A.NB.aG Ng 0801 Gl 2
acl
Next assume that the front wheels lose contact with the ground Na=0
m
Guesses Ng=1N FB =1N a(;:l—2
S
Given Fg = Mag Ng-Mg=0 Ng(b—a) -Fgh=0
N
F Find(Ng,Fg,ag) il N 6.78 =
B | = Fin ,FB.a = agy = 6.78 —
B."B-%C Fg 6608 G2 2
ac2
o . m
Choose the critical case ag = min(ag1.aG2) aG = 6.78 —
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 x4 and g respectively. Neglect the mass of the tires. The car has four-wheel drive.

Given:
M =975 kg us = 0.8

a=18m pux =206

b

m
220m g =981 —
32 L b o

>
Il

055 m
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Solution:
My
First assume that all wheels are on Fa = usNa
the verge of slipping -
FB = usNB e ~ [f "“-,\J
Guesses . S
m Fa 1 il J ]
Na =1N N =1N aG:l—2
S h
ﬂ"ll'l ﬂ"'.l
Given
usNB + usNa = Mag Na+Ng-Mg=0
—Npa+ Ng(b—a) — ugNgh— #sNah =0
NA
N Find(Na,Ng., ag) (2 7.85 =
B | = Fin ,Ng,a = agl = 7.85 —
A.NB.aG Ng 9826 Gl 2
acl
Next assume that the front wheels lose contact with the ground Na=0
m
Guesses N =1N FB =1N a(;:l—2
S
Given Fg = Mag Ng-Mg=0 Ng(b—-a) —-Fgh=10
N
F Find(Ng., Fg.ag) e 85 6.78
B | = Fin ,Fg.a = agy = 6.78 —
B.FB.aG Fe 6608 G2 2
acz
o . m
Choose the critical case ag = min(ag1.aG2) aG = 6.78 —
S
Problem 17-26 ﬂ
The bottle of weight W rests on the check-out conveyor at a (.7____
grocery store. If the coefficient of static friction is 1, determine T
the largest acceleration the conveyor can have without causing
the bottle to slip or tip. The center of gravity is at G. b a
Given: —
h_,;‘-h_____
W =21b R S
I/CF_TP-—-..__
Us = 0.2 ¢
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b=28in

c=15in
—322ft
g = ac. >

S

Solution: Assume that bottle tips before slipping

ft
Guesses ag =1 - Fe=11b Ng=1Ib Fpax=11Ib

. W
Given Fg = (—)ag Ng-W=0
g

il

Feb-Ngx=0 Fmax = #sNB

aGt
FB 0.375
Fg _ ft
Ne = Find(ag, Fg.,NB, Fmax) Ng |=| 2 |Ib agt = 6.087 —
Frax 0.4 S
Fmax

If Fg=0.375lb < Fpax = 0.41b then we have the correct answer.

If Fg =0.3751lb > Fpax = 0.41b then we know that slipping occurs first. If this is the case,

Fg = #sNB
. W
Given Fg = (—)ag Ng-W=20 Fgb—-Ngx=0
g
acs
. . ft
Ng | = Find(ag,Ng.X) Ng = 21b x=16in ags = 644 —
S
X

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

. . . ft
In either case, the answer is ~ ag = min(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.

Units Used:
Mg = 10° kg

2T
A

KN = 10° N

Given:

my = 8 Mg

Solution:

a 1 a
2T—mag:ma5 T :E mag+maz T = 43.24KkN

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

2T(b+c+d) + myg(b + c)
Fcp = . 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 2T and T'. 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 = 10° kg

519



Engineering Mechanics - Dynamics Chapter 17

kN = 10" N
Given:

b=25m M = 22 Mg

23 m T =2KkN

o
Il

d=3m T =15KkN

m
e=6m g =981 —

2
S
f=12m
Solution:
Guesses a —1m By = 1 kN Ay = 1 kN
G=+17 y = y =
S
Given T + 2T = Mag 2By + Ay—-Mg=0
-T'b—2Tc-Mgd+ Ay(d +e) = -Mag f
ac
_ m Ay 72.6
By | = Find(ag, By, Ay) ag = 0.250 — = kN
&2 By 716
Ay

Problem 17-29

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

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

. m

Given: a=3 - d=04m
S

b=075m e=07m

m

c=05m g=9.81—2

S

mt = 70 kg ms = 120 kg
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Solution:

Guesses Nao =1N Ng =1N

Given

2(Na + Ng) — (Mt + ms)g = msa

e

NB

NA 568 \
= Il,..'
Ng 544 2N

= =

| L mg

—2Na(b +€) + mgge + mggc = —mgae — 1
Na ¥
( j = Find(Na. Ng) C/

[
h

B
[ EJ.'IEH

Chapter 17

Problem 17-30

The lift truck has mass m; and mass center at G. Determine the largest upward acceleration of the

spool of mass mj so that no reaction of the wheels on the ground exceeds F,,,.

Given:
m¢ = 70 kg b=075m
ms = 120 kg c=05m
Fmax =600N d=04m
99817 e-07m
S
Solution: Assume NA = Fmax

m
Guesses a=1 > Ng =1N
S

521
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Given
2(NA + NB) - (mt + ms)g = Mmga

—2Na(b + ¢) + mgge + migc = —mgae

a
= Find(a, N
(NBJ ind(a, Ng)
NA ( 600 j
= N
N 569.529

m
a=39 —
2
S

2""';)1

g

h

.
| L iy

B
N

Chapter 17

Check: Since Ng =570 N < Fpax = 600 N then our assumption is good.

Problem 17-31

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

reactions at the rollers A and B.

€ |

Given: ﬁA ﬁ&
W=2001Ilb c=5ft
t=2s d =12 ft
F=301Ib e =6ft )
1{" = o
ft
b=3ft g:32.2—2
S p:
Solution:
ft
Guesses a=1— Na=1Ilb Ng=11Ib hY N
2 i R
S =
. W _J—_r'__ | -
Given F=|—]a NA+Ng-W=0 4}b~~.h
g - ¥

F(c—b) + Nge—Npae=0
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a
. ft
Na | = Find(a,Na,Ng) a= 4.83—2
NB S
1
d = -at?
2

Chapter 17

NA (105.0)
= Ib
NB 95.0

d = 9.66 ft

*Problem 17-32

The door has weight W 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 t, starting from rest. Also, find the

vertical reactions at the rollers A and B.

Given: [ E € I
e 7
W=2001Ib c=5ft
t=5s d =12 ft
d =12 ft e =6 ft
¥ o
ft o
b=23ft g =322~
S
Solution: 4 iy
d ft l
a=2 — a=09—
2 2
t S
Guesses F=1Ib Na=1Ib Ng=11b N, 26 N
W d—cl | -l
Given F=|—la NaA+Ng-W=0 = b= >
g F g
r
W
F(c—b) + Nge—Npae=0
F F 5.96
Na | = Find(F,Na,Ng) NA | =1 100.99 |Ib
NB NB 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 ag, determine the horizontal and vertical reactions at the pin A and on the short link BC

when the load M, is lifted.
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Units Used:
a4 —- b -
Mg = 10° kg kN = 10° N
Given:
M1 = 800 kg a=1m
My =125 Mg 2 =2M
c=15m
m d=125m
ag =4 —
2
S
Solution: i
Guesses Frg
Ay =1N Fcg=1N
-
Ay = 1N
y ¥ Mg
Given Ax : A Mg
L
—-Fcg+Ax=0
Ay—(M1+M2)g:(M1+M2)aG a+b
A,
Fcgc—Miga— Mog(a+b) =Miaga+ Moag(a+b) | |
AX ~ .'"‘fl.'ﬂ'f.;
Ay | = Find(Ax. Ay,Fca) .
Fcs
Ax 41.9
Ay |=|283 |KkN "':'-"’“
.
FcB 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

524



Engineering Mechanics - Dynamics Chapter 17

and the ground is z4.
Units Used:

KN = 10° N

Given:

M=800kg r=04m

atzo.sz ¢ = 45 deg
S

4k = 0.1 g-o981 2

Solution:
Guesses 6 =10deg Nc =1N
Given

Tcos(g) - uNc = May

Tsin(¢) -Mg+Nc=0

Tsin(¢— e)r— UukNcr=20

0
Nc | = Find(4,Nc,T) Nc = 6.771kN T = 1.523kN 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

Given:
M=800kg r=04m

6 = 30 deg ¢ = 45 deg

sy = 0.1 g = 981 %
Solution: °
Guesses ar =1 mz
S
Nc =1N
T=1N My

Given
Tcos(¢) - ukNc = May e

Tsin(¢) - Mg+ Nc =0

Tsin(¢— O)r— uxNer =0

at
m
Nc | = Find(at,Nc,T) Nc = 6.164 kN T = 2.382kN ag = 1.335—
S
T

*Problem 17-36

The pipe has a mass M and is held in place on the truck bed using the two boards A and B.
Determine the acceleration of the truck so that the pipe begins to lose contact at A 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 = 103 N
Given:
M = 460 kg
a=05m
b=03m
c=04m
d=01m
_ 981 2
g =29 >
S
. (b
Solution: 0 = asin| —
a
Guesses
Ngx = 1 N NBy =1N

Given

Npy = Mat NBy — Mg =0 NBx(@) cos(6) — Ngyb = 0

NBx
_ Npx 3.384 m
NBy | = Find(Ngx.Ngy. ) = kN ar=7.36 —

NBy 4513 .
NBx

The drop gate at the end of the trailer has mass M and mass center at G. If it is supported by
the cable AB 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?

at

= 5.64 kN

Problem 17-37

Given: kN = 103 N

M = 1.25x 10° kg

a=>5 0 = 30 deg

m
2
S
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b=15m ¢ = 45 deg

m
c=1m g:9.81—2
S

Solution:
Guesses T=1IN C=1IN Cy=1N

Given ~Tcos(¢— 6) + Cy = —Ma
—Tsin(¢— 9) -Mg+Cy=0

Tsin(e)(b +C) - Mgbcos(¢) = Mabsin(¢)

T T 15.708
Cx | = Find(T,Cy,Cy) Cx |=| 8923 |kN
Cy Cy) \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 x. 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 = 1.5 x 10° kg

km
v =80 —
" a
/Js = 02
b=125m
c=075m Mg
d=035m B N ST .
/ YG T ‘e “e AN as
e A |d
g = 981 mz - Pt
S
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Solution:
. m
(a) Rear wheel drive only Guesses NA=1N Ng=1N ag-=1 -
S
Given Npo+Ng-Mg=0 H#sNg = Mag

Mgc—Na(b+c¢) = Magd

NA

_ Na) (5.185x 10° m
NB | = Find(Na,Ng,ag) = N ag=1271-
NB) | 9.53x 10° s
ac
v
trW = — trW = 17488 S
ac
. m
(b) Four wheel drive Guesses NA=1N Ng=1N ag-=1 -
S
Given No+Ng—-Mg=0 HsNB + usNa = Mag
Mgc—Na(b+c¢) = Magd
Na 3
_ NA 5.003 x 10 m
NB | = Find(Na,Ng,ag) = N ag=1962—
NB) | 9712 x 10° s
ac
v
trW = — trW = 11326 S
ac

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: fi g
Require N, to act at corner B p g ———— ‘
for tipping. > 1;;.-'2

b h )
Pd-mg|—=|=mag| = fi
o{z)-m{3)
1 B
- F
P =mag
B
Pd-m bY _ P h |
92) 72 Ne

mgb

Pmax = —=
h
2

*Problem 17-40

The car accelerates uniformly from rest to speed v in time t. If it has weight W 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 s and g4

respectively.
£

Given: a=25ft

ft
v =288 — kg = 0.2

S
t=15s b =4ft
W =3800Ib c =3 ft
fit
us = 0.4 g =322~
S

. - Vv ft
Solution: Assume no slipping ag = Y ag = 5.867—2

Guesses Ng=11b Na =11b Fa=11Ib

Given 2Ng +2NA—-W =0

w
2Fp = (—)ag
g

W
—2Ng(b +c¢) + Wc = (—)ac,a
g
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NA
_ NA 962
N | = Find(Na.,Ng.Fa) ol Ib Fa = 3461b
Fa
Fmax = #sNa Fmax = 3851b

Check: Our no-slip assumption is true if Fa = 3461b < Fmpax = 3851b

Problem 17-41

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

Given:
W1 =50 Ib I 2T T R T
Wy =10 Ib A T l T
B rali—
P =100 Ib T W, i
— R
Solution: W,
W1+ Ws
P—(Wq+Wp)=| —lag
g
P-1W1-1Wy ft
ac = ag = 21.47— y
G g W1+ W» G s2 | A ,
B
Guesses R=251Ib T=221Ib
Given

Wy
2T+R-Wqp = | — |ag
g

Wa
2T-R-Wy = | — |ag
g

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

Problem 17-42

The car of mass M shown has been “raked” by increasing the height of its center of mass to h
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 4, show that the car can accelerate slightly faster

than its counterpart for which h = 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
Mg = 10° kg kN = 10° N

Given:

M=16Mg a=16m

g = 0.3
m
=981 —
g 2
S
Solution:

In the raised position

m
Guesses ag =1 -
S

Given  ukNa = Mag
Nao+Ng—-Mg=0
-Mga + Ng(a+b) = -Mag(h + hy)

aGr
. m
Na | = Find(ag,Na,Ng) agr =141 —
NB S
In the lower (regular) position

Given

HkNa = Mag Na+Ng—-Mg=0 -Mga+Ng(a+b) =-Maghy

agl
. m
Na | = Flnd(a(_;,NA,NB) ag| = 1.38 -
NB S
. . o m
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 W and center of mass at G. If the forklift is used to
lift the concrete pipe of weight W, determine the maximum vertical acceleration it can give to the

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

Given:
W = 10000lb b=5ft d=6*ft

ft
Wp =20001b c=4ft g=322—
S

2

h 7]

Solution:
. . W
It is required that Ng=0 ( HP> a
|
W ’
pr—Wc:——pab ,r'f
g [
& A
4= (W C— Wp bjg
Wp b !
a= 96.6E
52 =
b

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

to lift the concrete pipe of weight W, determine the normal reactions on each of its four wheels if
the pipe is given upward acceleration a.
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Units Used:
kip = 10° Ib

Given:
Wp = 2000 Ib

W = 10000 Ib

ft
a=4—

2
S

b:

Cc =

d:

g:

Solution:

Guesses
Na

NB

Given

5 ft
4 ft

6 ft

981 1
2
S

=11b

=11b

_ja

2NA+2NB—W—Wp:(

Chapter 17

h

L

2NpAb-W(b+c) +2Ng(b+c+d) =0

NB

)

4.686 )
= Kip
(1.438j

b
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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:
Wy =45001b b =2ft i

W) =800Ib c=3ft
ft &
v =40 — d=4ft
S
g = 0.3 e =6ft '
ft
f=2ft g =322 -
S
Solution: Loaded
ft "II"'r.ls Ny
Guesses Na=1lb Ng=1Ilb a=1 - f+h+e
S
Given
NpA+Ng—Wy-W;=0
WV + Wl
sk(NA + Np) = —

Wi Wy
—Np(f+b+c¢)+W(b+c) +Wyc=|—|ae+|—|ad
g

NA

N Find(Na.,Ng.,a) (e Ib
= Fin ,NB,a =

° ATE Ng ) \1523

a

fit
a=9.66— dj
s2

dj = 82.816 ft

Il
<

Unloaded Wy =01b

ft
Guesses Na =11b Ng=11b a:l—2

S
Given Na+Ng—Wy—-W;=0
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k(N + Ng) = (

—Ng(f+b+c) + Wi(b+c) + Wyc = (Fjae + (—jad

NA

Chapter 17

Wv+W|
—a
g

Wi Wy

g

_ NA 3343
Ng | = Find(Na,Ng.a) Ng |\ 1157 Ib

2
a-066% dyl = —
2 2a
S
dyl = 82.816 ft

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

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:
M1 = 1.35 Mg
a=110m
b=176m
c =0.67m
d=031m
m
=081 —
g 2
S
Solution:
Guesses ag =
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Given
Fa=Mz1ag
Na—-M19=0

Miga = Mjagc

-M+Fad=0
Fa = usNa
aG
Fa
_ Fa 21.7
Na | = Find(ag.Fa.Na, M, us) = kN M = 6.74kN-m
NaA 13.2
M
m = 1.642
_ - Hs
s ag = 16.11 —

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 x4, determine the normal reactions at the tires A 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 wug=08
a=05m b=04m
c=12m

Solution:  Deceleration:

m
Guesses ag =1 -
S

Ng=1N Na=1N

Given 1N = Mag Na+Ng—-Mg=0

-Ng(a+b) + Mga = Magc
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ac
Ng | = Find(ag. Ng. Na) (%) 226
B | = Find(ag,NB, = ag =2.26 —
G- NB,NA Ng 226 G 2
NaA
Equilibrium Me

Given Npo+Ng-Mg=0

-Ng(a+b) + Mga=20

B
NA 330
= N
Ng 454

*Problem 17-48

A

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=055m
b=04m
c=12m

Solution: N =0

m
Guesses ag =1—
2 [
S |
Mk =01
Na =1N

Given  uxNp = Mag
Na—-Mg=0

Mga = Magc
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#k | = Find(ag, 1k, Na)

NA
Np = 785 N
m
ac =450 —
G 2

S

Lk = 0.458

ﬂ’fj;'

Chapter 17

Problem 17-49

The dresser has a weight W and is pushed along the
floor. If the coefficient of static friction at A and B is s
and the coefficient of kinetic friction is ¢4 , 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 A

and B when it begins to move?

Given:
W =801Ib
Hs = 0.3
Lk = 0.2
a=15ft
b=25ft
c = 4ft
Solution:
Guesses
Na =11b
Given

i

i

Ny

Ny

Impending Motion

P=1Ib

Ng=11b

NA+Ng-W=0

Ny

usNA + usNp—P =0

Pc+Wa—-Np(2a) =0

ey NH

N,
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P
_ NA 72
Na | = Find(P,Na,Ng) = Ib P = 24lb
NB 8
N
. ft
Motion  Guesses agc =1 -
S

. -W
Given NA+NB—W:O ykNAJ’_#kNB_P:(_)aG
g

P(c—b) + uk(Na + Ng)b + Nga— Naa = 0
NA

_ NA 65.3 ft
NB | = Flnd(NA, NB,ag) , = " Ib ag = 3.22—2
B . S

aG

Problem 17-50

The dresser has a weight W and is pushed along the - -
floor. If the coefficient of static friction at A and B is s

and the coefficient of Kinetic friction is 4, determine the

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

Given:
W =801b g - -

Hs = 0.3 ! —_—
Hk = 0.2 | - e

a

15 ft ) e—— L
25 ft G ome Ao owm

c=4ft
W

Solution:

Dresser slides before tipping occurs |

Guesses
ol

(s - b |l'|

Na =11b

L] | 1
N T —T—P
P = llb HeTa A F =)
N, N=0

ft
aG:l—Z

S
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Given

-W
Na-W=0 ,ukNA—P:(—)aG P(c—b) —Npaa+ uxkNpab =0
g

NA

fit
P | = Find(Na,P,ag) aG=1502— Nao=80b  P=533lb
ac S

Problem 17-51

The crate C has weight W and rests on the truck elevator for which the coefficient of static friction is
4. 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 Ib
Hs = 0.4
a=2ft
6 = 30 deg
ft
g =322 -
S
Solution:
Initial Guesses: Nc =1 1b a=1 izd
S
Given ":’ 7
’.Tﬂ'u‘
W Y = Ao
HsNc = | — aacos(&)
g
Fr=pn N~
W - o= gy +
Nc-W=|—|a(a) sm(&) Ne
g

Nc d
( j - Find(Nc, )  Nc=195.0431b @ = 9.669%

a 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 Vg, and moment Mg, which the bar AC exerts on FE at E if
at the instant @link AB has an angular velocity @ and an angular acceleration « as shown.
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Given: u
ft
W=31Ib a:2ftg:32.2—2

S

6 =30deg b =2ft I
[}
d
w =5 rad =3ft
S y
d ' F
=8 d-3tt
2
S 1
. !
Solution:
a
Wa + W(—j
, 2
X = ———=
2W
2
aGn = Cw
agt = Ca z—wf*r:.-
b4
Guesses ¢
VE=11Ib — #
Ne=11Ib ’_%p“m
Mg = 1 Ib-ft '
w W
Given —2W - Vg = —2(—)aGtcos(0) - 2(—)a(3n sin(&)
g g
w W
NE = 2(—)&1@“ cos(e) - 2(—)a(3tsin(€) Mg - Vegx' =0
g g
VE
N Find(Ve, Ng, MEg) e e M= 7200t
E | = Fin ,NE, = -7 )
E.TE-ME VE 4.86 E
Mg

Chapter 17

Problem 17-53

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

Given:
m

S
r=15m

542




Engineering Mechanics - Dynamics Chapter 17

. rad
Solution: Guesses Ax=1IN Ay=1N a=1 —
S
. 3.2
Given Mgr:EMra -Ay =0 Ay—Mg=-Mra
Ax
rad Ax 0
Ay | = Find(Ag, Ay, a)  a=436— = N
2 Ay 262
(04

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 t starting from rest. Also, compute the reactions which the
fixed pin A exerts on the wheel during the motion.

Given:
my = 10 kg t=3s MLyl
m -M
ka =200 mm g =981 - A, T
S
m
b=5N— A,
S -
Solution:
bt
bt = kaAza a =
2
My KA
2
bt rad
AX:ON Ay—mwg:O

A AX ° In
=m =
y = o Ay) \981

Problem 17-55

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

If it is subjected to moment M = A(1 — e) determine its angular velocity when t = t, starting
from rest.
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Given:
myg
mp = 2 kg
lo = 0.18 kg-m’
0 ="0K M 0,
A =3Nm
2,
b=-02s" !
t1 =4s
Solution:
A bt
Al1—eY) = 1oa a——(l— 1)
lo
A 1 1 bt rad
w=—|tj+=-Ze ! ® =208 —
lo b b

Chapter 17

*Problem 17-56

The rod of weight W is pin-connected to its support at A 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-ard W
S -
a2 AN N
W=101b A r a f— ]
X ) B
_ = & ] J K
a==6ft 2k ;¥
g =322 - A, 1 . |
5 .
Solution:
w a
AX = (_)wz(—) AX = 149 Ib
g 2
a 1/w 3 rad
W—=—|— a2a a = —(g o =8.05—
2 3\9¢ 2a 2

g 2
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Problem 17-57

The pendulum consists of a disk of weight W, and a slender rod of weight W,,. 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 e d (3
Wi=151b a=075ft o=8— i ; \j | o
Wy =101b b=3f e .
- b i
W,
Wi W == (g + b) e W
- . L =] (e o == (b2 e
re \_I i} 'Lf-'i-'.'l_'f’_‘fﬁ\' | .-,.‘::.r ;.\
. — = (> ¢ I
S T Oy Nl V4
Q. La+he E (b}
E
. 1( W1 W3 1( W2
2\ ¢ g 3\ g
rad
Guesses « =10 — Oyx = 100 Ib Oy =51Ib
S

' W1 W2\b
Given Oy — W1 - Wy :—?(a+b)a—(?j—a

2
Oy = (m)(a +b) o+ (&j@) o
g g \2

b
W1(a+b) + WZ(EJ = lpa

rad Ox 141,61
Ox | = Find(a,Ox, Oy) a=9.36— = Ib
2 Oy 4.29

S
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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Given: )
M1 = 5 kg a=05m '

My = 2 kg b=02m w s
rad :
®w=3— c=03m ¢ \
S .
h -
\ \_,,-f""
m = -l.
g-981 1 0 = 30 deg A
2
S 0,
Solution: M = M1+ Mp
2 P 0
1 2 2 c 1 2 - - p
lo=—=M1\b"+c"/+M1|a+—=| +=Mra N
0=, 1( ) 1[ 2) 32 f..._______..--’* s
T A
c a
Mija+—= |+ My| = x—-\‘ :1
2 2 \ -
d = "
M Mg
rad
Guesses Ox =1N Oy =1N a:1—2
S
Given Oy = Mdasin(@) + Mdco2 cos(ﬁ) Mgdcos(@) = lpa
Oy -Mg=-M dacos(@) + Mda)zsin(e)
Ox
. rad Ox 54.8
Oy | = Find(Ox, Oy, @) o =13.65— = N
S2 Oy 41.2
o

Problem 17-59

The bar of weight W 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 = ké. 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
Kt Ib-ft

rad
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a=1ft
ft
g =322
S
Solution:
2
1(w 3k o
ko= — Zlea?e a=2Iy @ _
12\ g Wl 2
2
3K d
o = —92(1) o= 1001722
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 k, so that the torque developed is M = ké. If the bar is released from

rest when it is vertical at 6 = 90°, determine its angular velocity at the instant 6= 6.

Given:
W =101b
K5 Ib-ft
rad
a=1ft
ft
g =322 -
S
61 = 45 deg
Solution:
1 (W -3k
-kf=—| — (2a)2a a:—99
12\ g Wa2
o o ikg(é 91}
2 2 Wa2 2 2
3k d
o= —92[(90 deg)? - 912] o= 945424
Wa S
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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 A. It is

pin-supported at both ends by two brackets AB. 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

kn =90 mm b = 125 mm

m
Hk = 0.2 g =981 -
S -
F=30N
. a
Solution: 0= atan(gj
rad
Guesses Nc =1N a:1—2 Ta = 1N
S
Given Nc - TaB cos(e) =0

Tagsin(6) — kN = Mg—-F =0

Fb—- ukNchb = MkAza

_ Nc 102.818 rad

a | = Find(Nc, a,Tag) = N  a=7281—
TAB 267.327

TAB

Problem 17-62

The cylinder has a radius r and mass m and rests in the trough
for which the coefficient of kinetic friction at Aand B is 2 . Ifa

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

Solution:

P — (Ng - Na)sin(6) + u(Na + Ng) cos(6) = 0

(Na + Ng)cos(6) + uk(Ng — Na)sin(6) - mg = 0

548



Engineering Mechanics - Dynamics

I:ﬂk(NA + NB) - P:Ir = _71m r2a
Solving
mg — u P
NA + NB = —2
cos(@)(l + 1k )
pgmg + P
NB-Ma=—"T—3
sin(a)(l + uk )
—2p|  mg - ukP 2P
o= > =
mr cos(@)(l + Lk ) mr

Chapter 17

Problem 17-63

The uniform slender rod has a mass M. If the cord at A 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 = 5 kg
a = 200 mm i
b = 600 mm
m
=981 —
g 2
s
}‘I_.": ald
0, o l
2, Mg
. b-a
Solution: L=a+b d = >
(@) In the horizontal position
m rad
Guesses ag=1— a=1—
2 2
S S
Given ag= ad Mgd = lpa

{

{ue

) ™,

. ) |
[h‘—ulﬂi

lo

OX:lN

—OXZO

549
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Ox
o m rad Ox 0.0
Y| = Find(0x, 0y, a6, @) ag = 4.20 - a=210— = N
aG s 5 Oy 28.0
[24
Ox
=280 N
Next examine a general position Oy

M gdcos(e) = lpa

o= M99 (o)
lo
2 _
L . Mgd sin(ﬁ)
2 o Ml
o= 2Mgd sin(ﬁ)
lo

(b) In the vertical position (&= 90 deg) w = ZI\I/I gd sin(90 deg)
o]

rad
Guesses a:1—2 Ox =1N Oy =1N
s
Given 0=lpc —Oy = —-M ad Oy - Mg = Mda)2
“ o o
. rad X 0.0 X
Ox | = Find(a,0x,0y) @ =00— = N =911 N
2 0] 91.1 O
0 S Yy y
Yy

*Problem 17-64

The bar has a mass m and length I. 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: e 5 .
6 = 30 deg |" ”R /o

Solution: \
Ty

mglzcos(a) = %mlza \\Q\
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Oy = mlzasin(a)

Oy-mg = —mlzacos(e)

mile
Solving
mg
39 3mg . 3 2
= —cosl @ Oy = —sinl26 Oy = mg| 1 - —cos( 8
a-Beosl) o= 0sinz0) 0y~ mof1- sl
3 3 3
ki = —cos(ﬁ) ko = —sin(29) k3 =1- —003(9)2
2 8 4
ki 3 _ _
a—le Oy = komg Oy = kamg
k1 = 1.30 ko = 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 I;a may be eliminated by moving the vectors m(ag;) and
m(ag,) to point P, located a distance rgp = kg?/rog 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.

"y H
\
P,"
o~
/’.-“'
uifre
I b e E.JJ
r = |
F;Il
/./ ”“_Hrr']_lr # £
,ft
TG
\{f
Solution:
oo ¥ rgp
2 aGt
I =mkg™ = mrgproc a:@
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aGt
magtrog + lga = magtrog + (m roc er) E

magtrog + lga = maGt(rOG + er) Q.E.D.

Problem 17-66

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

Given:
L
W =10 1b I J I
A
F=201Ib Ay
A
L =4ft A=
- X
f‘t |'||'|
=322 —
g 2
S I F'J.
Solution: kg = L :
olution: G = ﬁ f_ F
j:'
From Prob 17-65
' U
2
r —L+kG I = 2.667 ft
p = 2 L p— &
2
rad
Guesses Ay =11b a=1 —
S
-W L -1(W
Given  Ax-F=|—ld = Frp=—|=|%
g 2 3\g
Ax rad _
( j - Find(Ay. @) a=-322— Ax =235x 10" 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 A 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

Chapter 17

Mg
Fa = T l‘wﬁ Ie "\F:f“'
; = [ ——
R S ¥ |
FaA— = —ML g, 1 md g,
2 12 F,
6FA rad
a = — a=147—
ML 2
S
Fa m m
FA—-Mg=-Magy aGy:g—V .31(;},:4.91—2 aGX:0—2
s s

*Problem 17-68

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

the rod is suspended horizontally at A 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 F,

determine the value of I ;. 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
F1 =146 N AP a -

pri
F2=33N ( W Y

"
2 - _

g =981
S
Solution: - e
Guesses
2 rad
x=1mm Ig=1kgm~ Ay=1N a:1—2
S
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Chapter 17
Given A,
[
Ay-Mg+F1=0 ) .
1T -|
-Mgx+Fra=0 / s T —
/ \ —
Ll 4 . - .
F2-Mg=-Ma(a-x) \\ / 1 T
2 — Mg
Mg(a - X) :[Ig+M(a—x) ]a 5 F,
X
Ic
= Find(x, 1. Ay, @)
Ay
[24

X = 130mm Ay =246 N

Problem 17-69

Disk D of weight W is subjected to counterclockwise moment M = bt. Determine the angular velocity
of the disk at time t 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 sz and g

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

W=10Ib  us =03

Ib-ft
b=10— =02
S

t=2s r=05ft

fi
P=1000b g=322-

S
Solution: When motion begins
usPr F ‘
bty = ugPr t1 = b t1=15s '

At a later time we have

1(W 2
bt— uxPr=—|— r2a a:—g(bt—ykPr)

2\ ¢ Wr2
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Wr2 2

Problem 17-70

The furnace cover has a mass M and a radius of gyration kg 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 A
exerts on the cover at the instant the cover begins to open. Neglect the mass of the handle

BAC in the calculation.

Given:
F :‘x{
M = 20 kg a=07m — > 1
ke =025m b=04m d
F = 120 N CcC = 025 m A1 =
d=02m Al | ]
(s |
C . | :
Solution: 0 = atan |
b+d W | h
g I |
|
rad
Guesses o =5— - |
2 |
Ay = 50 N
Given
Ay — F = M(c + b) acos(6) =
i
Ay - Mg = M(c + b) sin(6) Al T
Fa_ M M 2 M ( b)z M ;x:—,;uf/;' (b +d)
a-Mgc=Mca+M(c+b)a _ [
[
a P \\\ d .
Ax | = Find(a, Ay, Ay) el
Ay

Ax 163
o= 3.60% ( ] _ ( 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 A. 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 I, determine its angular velocity at time t starting from rest.

Given:

M1 =3 kg | =100mm

Mo =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 A 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 r ‘ _l_ ’ g
M = 25 kg ¢
o = 200 mm
(=7
m
a=15m
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b=15m
m
g=9.815 —
2 AL
S ¥
Solution: A, ki Mia+b)
- 2
rad B
Guesses Ax=1N Ay =1N a:1—2
S
. 1 2
Given -Mga+ k5a:§M(a+b) a
a+b
AXZO —Ay—Mg+k5:Ma
2
Ax
rad Ax 0
Ay | = Find(Ay, Ay, a) a=231— = N
S2 Ay 289
o

Problem 17-73

The disk has mass M and is originally spinning at the end of the strut with angular velocity w. If it
is then placed against the wall, for which the coefficient of Kinetic friction is ¢4, determine the

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

Given:
M = 20 kg
rad A
o =60 —
S
tk = 0.3
6 = 60 deg
r = 150 mm
m
=981 —
g 2
S
Solution:
Initial Guess:
rad
Fce = 1N a=1—2 Na=1N
S
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Given Fcp cos(e) -Na=0

Fcepsin(0) = Mg+ ugNp = 0

1.2
HKNAT = EMr a

Fcs

rad
Na | = Find(Fcg.Na. a) a=19311—  NA=966N Fcg = 193 N

S
a

=2 t=3107s
a

Problem 17-74

The relay switch consists of an electromagnet E and an armature AB (slender bar) of mass M
which is pinned at A 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:

v 7
M = 20 gm =
|—|_"L
F=08N
Fs = 0.85 N
»)
a =20 mm : . N
S
b = 30 mm ~ :
¢ =10 mm
Solution:
a+b+c 1
Fsc— MQ(L) -F(a+c) = ——M(a+b+c)2a
2 3 F, Mg
a+b+c T i
Mgl ———— |+ F(a+c) — Fsc A, = a M
2 -~
o =3 5 Af
M(a+b+c)
A, F
o = 80174 |
2
S
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Problem 17-75

The two blocks A and B have a mass m, and mg, respectively, where mg>m,.

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

Solution:

a=ar

1 2 2 2
mBgr—mAgr:EMr a+MmMpra+mara

g(mB - mA) F
a = for
1 .
I’(EM +mg + mA)
JH r
~ g(mg —mp) 5
1
EM + mB + mA H?A,E," JJIH# ”I_."U' J‘J'J'HU'

*Problem 17-76

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

Solution:

L . 1 2
— 0) = —mL
mg23|n() 3m a

a = Zsin(o)
2
()
3
= Tg(l — cos(6)) S/
Ox = mhacos(a) - mE a)2 sin(ﬁ) , / mg
2 2 I!l"ll. —

3) f

. g
Oy = mgsm(e)(z cos(e) 3 0,
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Oy -mg = —m(%jasin(e) - m(%) ° cos(6)

Oy = mg(l - g cos(e) + gcos,(e)2 - %sin(&)zj

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 1.

A ! B
© ‘-. B,

mg
- M 2
AR 1 i By !
I A 1 mg / lue
mg ( . a2
Ay M =m (F‘H%-"} o
C
Solution:
1 2 1 2 2 (1 2l 5 2
Ia=—mlI"+—ml"+mI"+|=| | ==ml
3 12 2 3
m I+m | =1 99
_ — lra a=—2
97 rmal=1la 10 |
1 | I 1 3
M:—ml2a+m— al = :—ml2a Ma = —mgl
12 2 2 3 10

Problem 17-78

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

Given:
Wp =51b rpn = 0.5 ft o -
Wg =101b rg =0.75 ft —~ M ...
4 \"ﬁ ; i
rad vl e /
op =4 — e B J
32 "1 _z/’fl

560



Engineering Mechanics - Dynamics Chapter 17

Np 5
Solution: ¥
rad
Guesses ag =1 —~ M =1Ib-ft Fb=11Ib
S
Given
1(Wa) 2 1(WB)| 2
M-Fpra=—=|—|ra aa Fpre=—=|—|IB aB raca = 'Bap
2\ ¢ 2\ 9
M
. rad
aB | = Find(M, ag, Fp) ap=267—  Fp=0311lb M=0233Ib-ft
Fb S

Problem 17-79

The wheel has mass M and radius of gyration kg. It is originally spinning with angular velocity . If
it is placed on the ground, for which the coefficient of kinetic friction is s, determine the time

required for the motion to stop. What are the horizontal and vertical components of reaction which
the pin at A exerts on AB during this time? Neglect the mass of AB.

Given:

M = 25 kg |

kg = 0.15 m >
rad A

w1 =40 —
S

uc =05

a=04m

b=03m

r=02m

_ 981 2

g=29 >

S
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Solution: Guesses

Given
ucNc -

Nc—Mg+(

Fa = 1N

2 lrag =0
——— |FAB =
\/a2+b2
— P oo
> > AB =
\/a +b

ucNcr=-M k32a

FaB

_ FaB
Nc | = Find(Fag.Nc, a) (

o

Nc =1N

111.477
-~ 178.364

In

rad
2
S
rad
a =-31.709 —
2
S
t=1.261s
89.2
~ {66.9

Chapter 17

Problem 17-80

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

the spool’s angular velocity when t = t;. Neglect the mass of the cord.

The spool has weight W and the radius of gyration about the axle A is
ka. 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:

Wg =51b

t1 =3s

Wg = 180 Ib

ka = 1.25 ft

r=15ft

ro = 2.75 ft

g =322 E
2

S
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Solution:
(@) System as a whole
Ws) 2 Wg Wgrig rad
Wgri=|— |ka a+| — (riari) a = > > o= 0.826—2
g g Wg I~ + Wgka S
rad
o = aty w=2477T—
S
rad
(b) Parts separately Guesses T=1b a-=1 —~
S
Wsg -Wg T
Given Trj = (—jkAza T-Wg= (—)ari ( ) = Find(T, a)
g g a
rad rad
T=4.8081Ib a= 0.826—2 w = aty w = 2477 —
S
S

Chapter 17

Problem 17-81

A boy of mass m, sits on top of the large wheel which has mass m,, and a radius of gyration kg. 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 1. Neglect the size of the boy in the calculation.

Given:
mp = 40 kg m,E T8 m, (kY e
= o - _ T o -_‘_H-HHJ
my = 400 kg ; = b P
- ¥ .
. mnn:-'[,l'] g T
kg =55m Oy ’ —5/
Hs = 0.5 Mg

i el
r=8m
I"!'."i-.'n. L A
m ‘;k‘h{

2 F
S
Solution: Assume slipping occurs before contact is lost
. Mpgr .
mbgrsm(e) = (mb r2+kaGZ)a a= 2—8”1(9)
Mp ™ + mykg
rad rad
Guesses 6 = 10 deg 05:1—2 w=1— FNy=1N
s
S
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Given FN— mbgcos(e) = —Mmp ra)2 HsFN — mbgsin(a) =-—-Mpra

m r m r
a=— 9 (o) © 9 1 cos(e)

2 2
Mp ™ + mykg Mmpr~ + mykg

= Find(@, a,on, FN) Since FN =322 N >0 our assumption is correct.

FN rad rad
a = 0.107 —2 o= 0.238— 0 = 29.8 deg

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 k of the mass is burned off. Initially, the wheel is at rest and has
mass my and radius r,. For the calculation, consider the wheel to always be a thin disk.

Given:

m
m':209—
S

F=03N / jﬁr

mp = 100 gm Lﬂ—ll—)-:'r

R |
ro = 75 mm \ /

k =0.75

-—"

Solution:
- mo
The densityis p = —
7Try

The mass is m=mg—-mt=(1l-KkKmg

kmg
tp = — t1 =3.75s
m

. . 2 mp—m't
Find the radius  mg-m't= p zr r= [———
o ¥4
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. 1 2F
Dynamics Fr==mra =S VPT
2 ( 3
mp - m't)
& d
2F ra
w = # dt W= 800—
'3 S
(mg - m't)

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.

al(r E‘-,.\. .\'\.E\
AAN
AR
R\ g
AR ’
\"x .'\'x__ ¥
\ \_\\
N\
wx
Solution:
2
N - chos(e) = (M)wZ(L - i) N = WKliCOS(Q) + (a)—j(L = iﬂ
g 2 g 2
S - Wxsin(e) =0 SE wain(e)
2
X X .
M-S—==0 M:w—sm(e)
2 2

Problem 17-84

A force F is applied perpendicular to the axis of the rod of weight W and moves from O to A at a
constant rate v. If the rod is at rest when &= 0° and F is at O when t = 0, determine the rod’s
angular velocity at the instant the force is at A. 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=5Ib
v =4—
S
L =4ft /
ﬁ I. _
g =322 — vt #
2 ),
S
Solution: F
1W 2 L
Fvt=——L"a t=— t=1s
349 v
3F 3F r
a= Vzg t o = ng t2 a)=4.83id
WL 2WL S
F
0 - ng {2 0 = 92.2 deg
2WL

Problem 17-85

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

attached to A 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 A. Assume that the cord does not slip over the pulley. The pulley can be
approximated as a thin disk of radius r and mass m/4. Neglect the mass of the cord.

Solution:

r
. A ; I-.I.‘
Given ;

Ty - ukmg = ma ——— _j:.

To —2mg = -2ma

Tir—Tor 1fm r2
— = ——| — o
12t =G
a=ar
Solving lidmg
" f4.my
mg T, | —
mg / ™
Ty = —=(16 + 174 f oy 10N
25 TI i, _|_‘...'L\ ,: i
iy p ——— O
T \ P
Ty = —ng(9 + 8u1k) Ny =mg 2mg T, I
25
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89
(ZZE(Z—/JK)
_ 89,
2= 552~

Problem 17-86

The slender rod of mass m is released from rest when 8= 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:

0o = 45 deg o /3

Solution: At horizontal & = 0 deg

fam

Rod

3
a= 2—? cos(@)
a)2 39, .
7 = E(SIH(@O) - Sln(ef))

o= / Dsin(ep) - sin(ar) va = ol = /3g1(sin{ o) - sin(6])
Ball

mg = ma a=4g

V—22 = gl(sin(ao) - sin(ef))

v = /291(sin{dp) — sin())

Define the constant k=(/3- \/E)\/sin(é?o) — sin( &)

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

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, IC, it is possible to use the moment equation M, = I,ca, where |, represents the

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

Solution:

— lgu
P IMc=2(M)c;  EMjc = lga + magr

Since there is no slipping, ag = ar
2 v
Thus, ZM|C:(IG+mr )a

J‘r’fﬁ’f.{j

I
By the parallel - axis theorem, the term in parenthesis represents |,c. ‘
2Mic = lica Q.E.D
*Problem 17-88
The punching bag of mass M has a radius of gyration about its center of
mass G of kg. 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 b=03m
ke =04m c¢c=06m
m F ——
F=30N g =981 >
S
a=1m
Solution: r
T-Mg=0 T = Mg T=196.2 N
2 Fc rad F = |
Fc=Mkg « a = a = 5.625 — +
Mk 2 52
G My

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:
M1 = 580 kg b=05m

Mo =200kg ¢ =06m

ko =045m d=04m
F=60N r=05m
Solution:
F = (M1 +Mp)a
3 F
M1+ Mo
m
a = 0.0769 —
2
S
2
Fr=Moko «
r
a = 5
M2 ko
r
o= 0.741id
52

Problem 17-90

The rocket has weight W, 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 T. At a given instant, engine A suddenly fails to
operate. Determine the angular acceleration of the rocket and the acceleration of its nose B.

Given:

W = 20000 Ib T = 50000 Ib

kg = 21 ft g:9.81mz
S
d =30t
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a=15ft
Solution: R
W
Ta= (—)k@,za
g
i
o = Tagz o= 0.274%
Wkg S
L
Tow (W)a
~W=|=lag ' 4E |
g y
ag, = O — W9 agy = 14.715 2
Gy = W Gy = % 52
0 0 0 -8.2
ft
ag = aGy +| 0 |x|d apg = 48.3 —2
0 a 0 00 )8 ==
88
ft
ag] - 4002 X
S T T
aGy
0= atan(g) 6 = 80.3deg T T

Problem 17-91

The spool and wire wrapped around its core have a mass m and a centroidal radius of gyration
kg. If the coefficient of kinetic friction at the ground is 4, determine the angular acceleration
of the spool when the couple M is applied.

Given:
mg = 20 kg
kg = 250 mm
g = 0.1

M =30Nm
ri = 200 mm

ro = 400 mm
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Solution:

Guesses T =1N Ng=1N

/ ~ /
. | [
Lla,l | — [ — i JiE
o =1 @ | ."h"r Ir\_ .__/ll ,-'I H -.III
s \L __,,-/f "l
— j-"-J' .v.'” —

Given
T—- ukNg = mgr o

Ng-msg =0

M- ukNgrp —Try = mskGZa

T

T 55.2 rad
NB | = Find(T,Ng, @) (N j = (1962) N o =889 —
B .

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 F, and Fg 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 E
and F.

Given:
W =501b
Fa = 30 Ib ";] E F “':__,]
Fg =451b
[ D
L = 10 ft A |- = B
L -
ft
S Fy Fy
Solution:
W Fa+Fp-W ft
A+FB 9 Gy Gy W g Gy 2

571



Engineering Mechanics - Dynamics

“{3)-+3)- 5(5)

Chapter 17

2 6(F|3 - FA)g
WL

o - 5796 4

Problem 17-93

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

which the coefficient of static friction is 4 and the coefficient of kinetic friction is . If the
conveyor accelerates at rate ac, determine the initial tension in the wire and the angular acceleration
of the spool. The spool is originally at rest.

Units Used: kN = 103 N
Given:
m
M = 500 kg a(;:l—2
S
ke =130m ri=08m
Hs = 0.5 ro =16m
Utk = 0.4
Solution: Assume no slip
rad
Guesses a = 1—2
S
Fmax = 1N
Given T-Fs=May

Th - Fsto = -Mkg

m
ay = 1— T = 1N
2
S
Ng = 1IN Fs = 1IN
Ng—Mg=0
Fmax = #sNs

ay = lia ac = (ro - ri)e
(04
ax
Ns 4.907
Fmax ) rad
= Find(a, ax, Fmax, Ns. Fs, T) Fs |=| 1.82 |kN a=125—
Ns s
) Friax 2.454
S
T = 2.32kN
T

Since Fg = 1.82KkN < Fpax = 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 kg. It

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

Chapter 17

Units Used: kN = 103 N
Given: M = 500 kg
ke =130m ri=08m
Hs = 0.5 ro =16m
Solution:
rad m m
Guesses a=1— ax=1— ac=1—
2 2 2
S S s
Ns =1N Fs=1N T=1N
Given T-Fs=May Ns—Mg=0
Tri—Fsro:—MkGZCX FS:/USNS
ay = lia ac = (ro - ri)e
[24
ax
ac _ Ns 4.907 m
= Find(a,ax,ac,Ns, Fs,T) = kN ac = 1.348 —
Ng Fs 2.454 SZ
Fs rad
o =1.685— T = 3.128kN
T S2

Problem 17-95

The wheel has weight W and radius of gyration kg. If

the coefficients of static and kinetic

friction between the wheel and the plane are x4 and 24, determine the wheel’s angular
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acceleration as it rolls down the incline.

Given:
W =301Ib
kg = 0.6 ft
Hs = 0.2
uk = 0.15
r=125ft
6 = 12 deg
Solution: Assume no slipping
Guesses FN =11b F=11Ib
Given F - Wsin(e) = _—aG
g
w
Fr= —kGZa
g
F
FN
Fmax | = Find(F,FN, Fmax,>aG, a)
ac
[24

el

ft
aG=1—2 a=1—2 FmaX=1|b
S S
Fn—Wcos(6) =0 Fmax = 4sFN
ag =roa
F 1.17
ft
FN | =1]29.34 |Ib aG = 544~
Fmax 5.87 S
o - 435"
2
S

Since F = 1.171Ib < Fpax = 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 kg. If the coefficients of static and kinetic

friction between the wheel and the plane are 4 and g4, determine the maximum angle & of
the inclined plane so that the wheel rolls without slipping.

Given:
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W =301Ib r=125ft

kg =06 ft @ =12 deg W i
sis = 0.2 sk = 0.15 q
Solution:
F
Guesses
0 = 1 deg FN=1lb F=11Ib
rad Fx
a = —_ = —_
=1 2 a=1 2
S S
Given
~W W
F- Wsin(9) = (—)ae Fr= (—)k@,za
g g
FN - Wcos(6) =0 F = usFN
ag =ra
0
FN
F 4.10 ft rad
F | = Find(0,FN.F.ag, @) = b ag=191— a=153—
FN 20.50 32 32
aG
(04
60 = 46.9deg

Problem 17-97

The truck carries the spool which has weight W and radius of gyration kg. 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 Ib r=3ft

fit
kg = 2 ft g=322—

ft
aat = 3 —
At32
S
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Solution:

ft

Guesses a(;:l—2 a=1—
S

Given

ag = aat — ar
-W W
0= (—)agr+ (—)kgza
9 g

ag ft d
- Find(ag, @)  ag =098~  a= 0692
@ ¢? 5

Problem 17-98

The truck carries the spool which has weight W 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 4 and g4, respectively.

Given:
ft
W =200 Ib g|:32.2—2
S
kg = 2t us = 0.15
ft
aat =5 - Hk = 0.1
S
r=3ft
Solution: Assume no slip L ¢ 9
Guesses :

F:llb FN:].Ib Fmalelb

--.f_.__ -— |'//- A
| ! -
_1 ft _1 rad - J/
acg = —2 a = —2 F . /
S S ; (k¥ e
Fy £

. w w
Given F=—ag Fr=—kg’a FN-W =0 Frmay = 4sFN
g g

ag = aat — ar
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F
FN F 9.56
Fmax | = Find(F,FN,Fmax.aG. @) Fmax | =| 30.00 [lIb  ag= 1.538%
ag FN 200.00 S
a a= 1.154%
S|

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

Problem 17-99

The spool has mass M and radius of gyration kg. 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 A, determine
the initial tension in the cord and the angular acceleration of the spool.

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

ug =015 @ = 30 deg b=06m

Solution:
m rad
Guesses T=1N Na=1N aG:1—2 05:1—2
s S
Given
T-Mgsin(6) — uxNa = -Mag Na — Mgcos(6) =0
Ta—,ukNAszkGZa ag = aa
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T
Na m rad
= Find(T,Na, @, ag) ag = 1.395 — o=465— T=35N
a 2 2
S S
aG

*Problem 17-100

A uniform rod having weight W 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 4
. P
W=101b t -
'
F=151b
| =2ft
ft !
=322 —
g 2
S
Solution:
Guesses ag =1 ft ap =1 f =1 rad
Gt AT 9T
S S S \
Given
F
W N 1 (W) (F— —— (A
F=|—lag F|z|=—=|—|I"a 7\
g 2 12\ g N
s 2
| — fu
ap=ag+a— - ATk
2 ' L =
W
aG ( W )-w-
] \ g !
aa | = Flnd(aG,aA,a)
" o -
ft rad ft
ag = 48.3— =145— ap = 193 —
G 2 ¢ 2 & 2

Problem 17-101

A uniform rod having weight W is pin-supported at A from a roller which rides on horizontal track.
Assume that the roller at A 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 z. Neglect the dimension d and the
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size of the block in the computations.
Given:

W =101Ib u = 0.2

= ft
F=151b 9232.2_2
| =2 ft S
Solution:
ft ft
Guesses ag=1— ap=1—
2 2
S S
Given

W
F—ykW:(—)aG
g
| 1 (W) 2
F— W)= = —|—|I
(F s )2 12(g) “

o afl)

ap =
ac
ap | = Find(ag,aA, a)
o
ft rad
ag = 41.86— a=126—
52 32

Chapter 17

W4

ft
ap = 167 —

I I l||"llf.l

Problem 17-102

The lawn roller has mass M and radius of gyration Kg. 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 1 and z4, respectively.
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. s 'F
Given:
M = 80 kg Hs = 0.12

kg = 0175 m gy = 0.1

F =200 N r =200 mm

m
0 = 45 deg g:9.81—2
S
Solution: Assume no slipping,

Guesses

m
Ff=1N FN=1N a=1— a=1— Fmax = 1 N
S S
Given -F cos(@) + Ff = -May FnN — Mg - Fsin(e) =0
2
Ffl’z MkG (04 aX: ar FmaX:/LlsFN
Ft
FN FN 926.221
. m
Fmax | = Find(Ff, FN, Fmax. ax, @) Ff |=| 61324 [N ay = 1.001 —
S
ay Fmax 111.147
rad
a @ =501—

Since Ff =613 N < Fpax = 111.1 N then our no-slip assumption is true.

Problem 17-103

The slender bar of weight W is supported by two cords AB and AC. If cord AC suddenly breaks,
determine the initial angular acceleration of the bar and the tension in cord AB.
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Given:
W = 150 Ib a=4ft Ale &

fit
g=322— b=3ft b

2 / b
S
B
b ' ~

Solution: 6 = atan(—) “f -T .
a = i e i g
Guesses
rad T
Tag =1l  a=1— N
S
i
ft ft ft ¥
cx =1 5 acy 1 5 ap =1 5 j
S S S
Given w
~Tagcos(6) = ( g )an ||
-W . W
TABsm Tjagy —agyx = —ap sm(e) %(T}[”u} o
/
1(wW 2 L=t | B
TABsm —2 —|(28)"a -agy+aa= —chos(H) ; "\
W
& ) YW g
ThB g o
a aGx 7.43
ft rad
aGx | = Find(Tag. . acx. acy. ap) agy | =| 2663 |- a=418—
agy ag 12.38 ) S s
ap Tag = 43.31b

*Problem 17-104

A long strip of paper is wrapped into two rolls, each having mass M. Roll A is pin-supported about

its center whereas roll B is not centrally supported. If B is brought into contact with A 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 = 8 kg r =90 mm

Solution: Guesses

T=1N agy=1

(/)ng
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Given
1 2 1.2
Tr=—=Mr ap Tr=—=Mr ap
2 2
T-Mg = Mapy —QAr = apy + aBr
T
aBy
= Find(T,agy, aa, ag) T=157N
ap

oB oA ~ 43.6 &d
aB 43.6 52

m
S

Chapter 17

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 A. Determine the bar's

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

Solution:
-P
—P = max a.X = —
m
L 1 2 —6P
Pl =|=—mL « o =—
2 12 mL
L
ag=ay— > ag = — positive means to the right

| e

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 W and the radius of gyration about the center of mass G is kg. If @ 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 AB. During the motion, assume that the chain segment CAD remains

rigid. The swing is originally at rest.

Given:
ft
W=180Ib a=4ft g=32.2—2
S
ke =25ft b=15ft
F=201Ib c=04ft
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i, = [ . "|\

i

Y

V) Iea
f% o ’%ﬁ ”I.';'m :

Solution:

Guesses T=11Ib agt =1

W
Given F= (—jaGt 2T-W=0 Fc= (
g

T
ft rad

aGt | = Find(T,at, @) agt = 358 — @=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 kg 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 Ib b=2ft

kg = 1.65ft a =075 ft

rad 6 = 20 deg

Solution:
Guesses Nt=11Ib Fr=11Ib
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Given

W w
NT - Wcos(@) = —aa)2 Fr(b-a) = —kG2a
g g

Fr— Wsin(6) = %(b -a)a

NT
rad
Fr | = Find(N7,FT, 2) a=32—
No
5 i
(04

NT 329.0
= Ib
Fr 40.2

*Problem 17-108

The hoop or thin ring of weight W 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 g4, determine the

distance the hoop moves before it stops slipping.

Given:
W =101b g = 0.3
rad
wg =6 — r==6in
s
ft
=322 —
g 2
S
Solution:
FN-W=0 FN =W FN = 101b W "
re
Fr = w a A = A = 0.66 ft -~ ?:_h\ n;:I:_':a\\
aFN = | e G = /K9 G=966— /” N R
S 1L II |I : :-?__} I
W HKk9 rad \ / \ /
HKFENT = (—)rza a = — a= 19.32—2 \\“w\"ﬂ-—-’f/ \1‘“:_-:-;;/}
g r s gy W g
When it stops slipping Fy '
VG = or
g
agt = (wp - at)r t= t=0155s
ag + ar
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1
d - EaGt2 d = 1.398n

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 A

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

Given:
W =15 1b Ay j .
oy
ap = 3 _2 1% [E: i |/
S
W
r=2ft
A
ft Ay "I--D- fi)
g =322 n:f’{t:‘l.‘ )
s ST
Solution:
ft rad
Guesses an=1—2 a=1—2 Ay =11b Ay =11b
S s
. w -1W 2
Given Ay = —agyx Ay-W =20 —Ayr=——r"a«a agx + ar = ap
g 29
aGx
a Find|( A A Ax 0466 ) i
= FInd|a ,a, . = a =1—
Ax G0 E e Ty Ay ) (15000 T2
Ay rad
=1—
2
S

Problem 17-110

Wheel C has a mass M, and a radius of gyration kg, whereas wheel D has a mass M, and a radius of
gyration kp. 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:
M1 =60kg kc =04 m r=05m b=2m
Mo =40kg kp=035m a=01m & =30deg
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Solution: —

Both wheels have the same angular acceleration.

.'1’:1F
Guesses .
/ > ma
Fa = 1N . || |
rad
a=1 ? \_F"//fj:-“
Given

—Fap(2r-a) + Mlgsin(H)r =M1 kcza + Ml(ra)r

Fag(2r—a) + Mggsin(H)r =My kD2a + Mg(ra)r

FaB rad
( j = Find(Fag. @) Fag = -6.21 N a=621—
@ S

Problem 17-111

The assembly consists of a disk of mass mp and a bar of mass my, 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 x4 and 24

respectively. Neglect friction at B.
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Given:
mp = 8 kg L=1m

mp=10kg r=03m

us = 0.6 6 = 30 deg
m
Uk = 0.4 g =981 -
S

r

Solution: ¢ = asin (E)

Assume no slip

Guesses

FmaX = 1 N

Given

Chapter 17

]

NCLcos(¢) - ngLcos(e— ¢) - mbg%cos(e— ¢) = ;mDrza —mpaar - mbaA—;

~F¢ + (mp + mp)gsin(6) = (mp + mp)aa

Fcr= %mDrZa ap = ra Fmax = #sNc
Nc
Fc Nc 109.042
ap | = Find(Nc,Fc.aa. @, Fmax) Fc |=| 16053 [N a= 13.377%
o Frax 65.425 S
Fmax Since Fc = 16.053 N < Fpax = 65.425 N then our no-slip assumption is correct.

Problem 17-112

The assembly consists of a disk of mass mp and a bar of mass my, 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 ¢4,

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

Hs = 0.15 6 = 30 deg

g =01 g

9.81 L
2
S

. (r
Solution: ¢ = asm(t)
Assume no slip

Guesses

]

1 rad a 1 m
a = _— = J—
2 A 2
S S
FmaX = 1 N
Given

NCLcos(¢) - ngLcos(e— ¢) - mbg%cos(e— ¢) = ;mDrza —mpaar - mbaA—;

~F¢ + (mp + mp)gsin(6) = (mp + mp)aa

Fcr= %mDrZa ap = ra Fmax = #sNc
Nc
Fc Nc 67.966
ap | = Find(Nc,Fc.aa. @, Fmax) Fc |=]| 13.08 | N a = 10.9%
o Frax 10.195 s
Fmax

Since Fc =13.08 N > Fpax = 10.195 N

then our no-slip assumption is wrong and we know
that slipping does occur.

Guesses

m
Ne=1N Fc=1N a=1— a=1—  Fpa=1N
S
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Given

NCLcos(¢) - ngLcos(e— ¢) - mbggcos(e— ¢) = ;mDrza —mpaar - mbaA—;

~F¢ + (mp + mp)gsin(6) = (mp + mp)aa

1 2
Fcr=§mDr o Fmax = #sNc Fc = ukNc
Nc
Fc Nc 67.966
. rad
ap | = Find(Nc,Fc.aa. @, Fmax) Fc |=]| 6797 | N a = 5.664—
S

a Frmax 10.195
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 vg 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:
3 a8
Mg = 10" k ¥ !
’ ’ Pim
[ i -y rSE
kN = 10° N T p f= @ =25 )
Given: i
M =270 Mga=13m P | PR
0 =20deg b=16m
Mg
ke =145m c=12m I—
m w ",
VB = 8 - d = 04 m T . ‘-;
S o f‘/—\' f/_x"'.
Solution: 1 J o d
m rad e
Guesses vap =1 — o=1— . o BN
S S B f #
Iillll._lI
m rad
agp =1— a=1—
2 2
s s
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a —lm a —lm Mg,
Gx = 2 Gy = 2 i
S S
Na=1N Ng=1N Q — Mo,
—, low ,f’—J“ﬂ\_
aA:lm 1\._ _,f'"'ll {\._ _M"'lll
S2
Given ‘ \\ .
Na + Ngcosld) — Mg = Ma
A+ NB ( ) g Gy N ~ o
~Ngsin(6) = Magy N > o/
Vi
NBcos(e)c - NBsin(H)(a— d) —Nab = ngza
va) (0) (b+c) (vscos(o)
0 [+/0|x| d |=]vgsin(9)
0 @ 0 0
ap 0 b+c b+c agcos(6)
2
0 |+|0|x| d |- d |= aBsin(e)
0 (24 0 0 0
aGx 0 c c agcos(0)
agy |[+| 0 |x| -a+d —a)2 —-a+d|= aBsin(H)
0 a 0 0 0
VA
[0
aa
ap
_ aGx ~1.82) m
acx | = F|nd(vA,a),aA,aB,aGX,aGy,a,NA,NB) = =
agy) \-169) 2
aGy
rad rad
“ ®=0977T— a = 0283 —
N

N
an)  (-0.664) m ( Aj _ ( 8.38 jkN
ag) \-3431) Q2 Ng/) 1440

Chapter 17
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