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17-1.

Determine the moment of inertia /, for the slender rod. The
rod’s density p and cross-sectional area A are constant.
Express the result in terms of the rod’s total mass 1.

SOLUTION
Iy=/x2dm
M
; 7
=/x2(pAdx)
0
1o
f3pAl x
m=pAl dx
Th
us, A 73
1 5 x
Iy:§ml Ans.

Ans;
1 2
Iy = gml
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17-2.

The paraboloid is formed by revolving the shaded area y
around the x axis. Determine the radius of gyration k,. The y? = 50x
density of the material is p = 5 Mg/m”. )

100 mm

SOLUTION

dm = pm y*dx = p 7 (50x) dx 200 mm |

1 1 200
8 /—yzdm:—/ 50 x {7 p (50x)} dx
2 2 Jo

502 1 3 200
(5 )57,

o (%2 )00y

200
/dm= / 7 p (50x) dx
0
1

el

= (52—0)(200)2

k, =, /Q =, l$ (200) = 57.7 mm Ans.
m 3

~
Il

3
I

Ans:
k, = 57.7 mm
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17-3.

The solid cylinder has an outer radius R, height A, and is N

made from a material having a density that varies from its
center as p = k + ar’, where k and a are constants. R
Determine the mass of the cylinder and its moment of

r

inertia about the z axis.

SOLUTION
Consider a shell element of radius  and mass \T/
dm = pdV = pQmrdr)h

R
m = /0 (k + ar®)Qm r dr)h

kR*  aR'
m = 27Th(7 + T) A
R2
m = mh Rk + “7) Ans. h
dI = r*dm = r¥p)Q2m r dr)h

R
I, = / r*(k + ar®)m rdr) h
0

R
Iz=27'rh/ (kP +ar’)dr
0

~
I
[\
3
=
+

I, = [k + ] Ans.

795




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.

No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*17-4.

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

SOLUTION

~
Il
Il

2
t/ pA(RAOR> =27 p A R®
0

2
m=/ pARdO =2mpAR
0

Thus,

I, = mR?

Ans.

Ans:
I, = mR®
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17-5.

The hemisphere is formed by rotating the shaded area y
around the y axis. Determine the moment of inertia /, and
express the result in terms of the total mass m of the
hemisphere. The material has a constant density p.

SOLUTION C W 2 .

m=/pdV=p/ wxzdy=p77/(r2—y2)dy
14 0 0 %

1 2
= p'n{r2 - §y3L = gp'rr r

1 p r prr r
1, = [ng(dm)xzzilﬂ'x“dy:?/o (r* = y»)*dy
pT

2 ys}’ 4pm
—_ 4 _723_’_7 _ 75
2{” 37V TS

o 15 "
Thus,

2
I, = gmr2 Ans.
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17-6.

The frustum is formed by rotating 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 frustum. The
frustum has a constant density p.

SOLUTION

2 v, 2 2
dm = pdV = pwy“dx = pw(fzx + Tx + b )dx
a

1 1
dl, = Ealmy2 = Ep'rry4 dx
1 b, 4b* 5 6b*, 4t .
dl, = 5[)77(;){ + 7){ + 7)( + Tx + b )dx

1 “pt, a5 6bt,  4bt 4
Ix=/d1x:Ep7TA(Ex +?x +7}C +7x+b)dx
_ 31 4
—10p77ab

I, ==—mb Ans.

b
EX"Fb\

y

Ans:

93
Ix = %l’}’lb2
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17-17.

The sphere 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 sphere. The
material has a constant density p.

SOLUTION

dm = pdV = p(my*dx) = p w(r* — x*) dx

1
dl, = 5P m(r* — x*)? dx
M 2 22
I, = —pa(r — x")dx
.2

= Eﬂ'pr5

m = /pﬂ'(rzfxz)dx

=—pmr’

3

Thus,

Ans.
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*17-8.

Determine the mass moment of inertia /, of the cone
formed by revolving the shaded area around the z axis. The
density of the material is p. Express the result in terms of
the mass m of the cone.

SOLUTION

Differential Element: The mass of the disk element shown shaded in Fig. a is
dm = pdV = pmr’dz.Here,r = y = r, — %z.Thus, dm = p’7T<l’o - %z)zdz.The
mass moment of inertia of this element about the z axis is

1 1 1 1 o \*
dI, = Edmr2 = ) (pmrrtdz)r* = Ep’TT}’AdZ = Ep’iT(rU — Lz) dz

Mass: The mass of the cone can be determined by integrating dm. Thus,

h r 2
m=/dm=/p'rr(r0—*oz)dz
0 h
=35 (1)), -
—p773r,, nt 7y

= gpﬂ'rozh
Mass Moment of Inertia: Integrating dI ,, we obtain

I /d] /hl < To >4d
= = [ spmlr,——z]dz
z z 02P P
=350 5 ()], =
2P\ T W)\,

= —pmr,*h
From the result of the mass, we obtain parr,2h = 3m.Thus, I, can be written as

0

o 10

Izzﬁ( T

= h

z="F@—-y)

1 1 3
pﬂ'rozh)ro2 0 @Bm)r,2 = —mr, Ans.
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17-9.

Determine the moment of inertia 7, of the torus. The mass of
the torus is m and the density p is constant. Suggestion: Use a

shell element.

SOLUTION
dm = 2m(R — x)(27'p dx)

dl, = (R — x)*dm

= 47p[(R® — 3R*x + 3Rx* — X)Va* — x> dx]

a a a a
IZ=47Tp[R3/ \/az—xzdx—BRz/x3\/a2—x2dx+3R/ \/az—xzdx—/x3\/112—x2

= 27% pRa*(R* + %az)

Since m = pV = 2w Rpma®

3
I, =m(R*+ Zaz)

Ans.

a
T )

s (3041207

Ans:
, 3
I = m@R* + Zaz)
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17-10.

Determine the location y of the center of mass G of the
assembly and then calculate the moment of inertia about
an axis perpendicular to the page and passing through G.
The block has a mass of 3 kg and the semicylinder has a

mass of 5 kg.
SOLUTION
Moment inertia of the semicylinder about its center of mass:
N 4R\ _ 2
(I6)eye = 3R m( 37T) = 0.3199mR
{ 4(0'2)} 5) + 0.35(3
oy (077 e [0 T0R0 02032 m = 0.203 A
= = = L. m = U. m ns.
Y7 Sm 5+3 s
402)\1> 1
I = 0.3199(5)(0.2)> + 5{0.2032 - (0.2 - %ﬂ + E(3)(0.32 +0.4%)
T
+ 3(0.35 — 0.2032)°
= 0.230 kg - m? Ans.

400 mm *{

Ans:
I = 0230 kg - m?
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17-11.

Determine the moment of inertia of the assembly about an
axis perpendicular to the page and passing through point O.
The block has a mass of 3 kg, and the semicylinder has a

‘ 400 mm }

mass of 5 kg.
y
SOLUTION
1 4R\?
UG) ey = 5mR2 - m(g) = 0.3199 mR?
) 4002)\2 1 5 5 5
Ip = 0.3199(5)(0.2)> + 5( 0.2 — =)t E(3)((0.3) + (0.4)?) + 3(0.350)
T
= 0.560 kg - m’ Ans.
Also from the solution to Prob. 17-22,
Ip = I + md®
= 0.230 + 8(0.2032)?
= 0.560 kg - m’ Ans.

Ans:
Iy = 0.560 kg - m?
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*17-12.

Determine the mass moment of inertia of the thin plate
about an axis perpendicular to the page and passing
through point O. The material has a mass per unit area of
20 kg/m?.

SOLUTION

Composite Parts: The plate can be subdivided into two segments as shown in Fig. a.
Since segment (2) is a hole, it should be considered as a negative part. The
perpendicular distances measured from the center of mass of each segment to the

point O are also indicated.

Mass Moment of Inertia: The moment of inertia of segments (1) and (2) are computed

as my = w(0.2%)(20) = 0.87 kg and m, = (0.2)(0.2)(20) =

0.8 kg. The moment of

inertia of the plate about an axis perpendicular to the page and passing through point
O for each segment can be determined using the parallel-axis theorem.

Io = EIG + mdz

%(0.877)(0.22) + 0.877(0.22)} - [11—2 0.8)(0.22 + 0

= 0.113 kg - m?

2%) + 0.8(0.2%)

Ans.

02m

Ans:
I, = 0113 kg m’
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17-13.

Determine the moment of inertia of the homogeneous
triangular prism with respect to the y axis. Express the result
in terms of the mass m of the prism. Hint: For integration, use
thin plate elements parallel to the x—y plane and having a
thickness dz.

SOLUTION
dV = bxdz = b(a)(1 — %) dz
y
dl, = dl, + (@dm)[()) + ]
= idm(xz) + dm(x:) + dmz? 3
12 4 ¢ : &
2 x 3

dm(x? + 22)
2
= @)1~ Ddzlp)G (1= ) + 2]

I, = ab / k["—3 (u)%r 2(1 — S)dz
y o @P Uy, h

2
_ a 43 a1y 11, 1,4
= e A AR A I G A
abp[3h3(h 2h h 4h) h(Sh 4h)]
= iabhp(az + h?)
12
1
m=pV=5abhp
Thus,
m
I, = g(az2 + 1) Ans.

Ans:
g=%W+W)
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17-14.

The wheel consists of a thin ring having a mass of 10 kg and
four spokes made from slender rods, each having a mass of
2 kg. Determine the wheel’s moment of inertia about an
axis perpendicular to the page and passing through point A.

SOLUTION

I,=1,+ md

= [2{%(4)(1)2} + 10(0.5)2} + 18(0.5)*

= 7.67 kg m?

Ans.

Ans:
I, = 7.67kg-m’
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17-15.

The assembly is made of the slender rods that have a mass
per unit length of 3 kg/m. Determine the mass moment of
inertia of the assembly about an axis perpendicular to the
page and passing through point O.

SOLUTION

Using the parallel axis theorem by referring to Fig. a,
IO = E(IG + mdz)

- {11—2[3(1.2)](1.22) + [3(1-2)](0-22)}

+ {%[3(0.4)1(0.42) + [3(0.4)](0.82)}

= 136 kg-n’

0-4m

Ans.

0.8 m i 04 m —

Ans:
Ip = 136 kg-m?
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*17-16. The assembly consists of a disk having a mass of
6 kg and slender rods AB and DC which have a mass per unit
length of 2 kg/m. Determine the length L of DC so that the
center of mass is at the bearing O. What is the moment of
inertia of the assembly about an axis perpendicular to the
page and passing through O?

SOLUTION

Measured from the right side,

~6(1.5) + 2(1.3)(0.65)
6+ 13Q2) + LQ2)

L =639m

Ans.

Ip = %(6)(0.2)2 + 6(1)* + %(2)(1.3)(1.3)2 + 2(1.3)(0.15)* + %(2)(6.39)(6.39)2 + 2(6.39)(0.5)?

Ip = 532 kg-m?

Ans.

Ans:
L =639m
Ip = 532 kg-m?
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17-17.

The pendulum consists of a 4-kg circular plate and a
2-kg slender rod. Determine the radius of gyration of the
pendulum about an axis perpendicular to the page and
passing through point O.

SOLUTION

Using the parallel axis theorem by referring to Fig. a,
IO = E(IG + mdz)

= {11*2(2)(22) + 2(12)} + {%(4)(0.52) +4(2.8%)

= 28.17 kg - m?

Thus, the radius of gyration is

I, 2817 _ B
kO—,/m—1/4+2—2.167m—2.17m

Ans.

55'3 =gSM é

M

Ans:
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17-18.

Determine the moment of inertia about an axis perpendicular
to the page and passing through the pin at O. The thin plate
has a hole in its center. Its thickness is 50 mm, and the
material has a density p = 50 kg/m>.

SOLUTION

1
12

I [50(1.4)(1.4)(0.05) ][ (1.4)> + (1.4)?] - %[50(77)(0.15)2(0.05)](0.15)2

1.5987 kg - m?
IO = IG + mdz

m = 50(1.4)(1.4)(0.05) — 50()(0.15)%(0.05) = 4.7233 kg

Io = 1.5987 + 4.7233(1.4 sin 45°)> = 6.23 kg m? Ans.

Ans:
Iy = 623 kg-m’
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17-19. The pendulum consists of two slender rods AB and
OC which have a mass per unit length of 3 kg/m. The thin
circular plate has a mass per unit area of 12 kg /m?. 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.

SOLUTION

1.5(3)(0.75) + 7(0.3)2(12)(1.8) — 7 (0.1)*(12)(1.8)
1.5(3) + m(0.3)%(12) — m(0.1)%(12) + 0.8(3)

y:

= 0.8878 m = 0.888 m

7

Ig = 11—2(0.8)(3)(0.8)2 + 0.8(3)(0.8878)?
+11—2(1.5)(3)(1.5)2 + 1.5(3)(0.75 — 0.8878)*
+%[7T(0.3)2(12)(0.3)2 + [#(0.3)%(12)](1.8 — 0.8878)?

- %[7(0.1)2(12)(0.1)2 — [#(0.1)%(12)](1.8 — 0.8878)?

Ig = 5.61kg-m?

Ans.

Ans.

TOA mﬂ«OA m»‘
T v
©, -

(0]
y
{ oG 1.5m

Ans:

y = 0.888 m
Ig = 5.61 kg-m?
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*17-20. The pendulum consists of two slender rods AB and 0.4 m»hOA m»‘
OC which have a mass per unit length of 3 kg/m. The thin Ao
circular plate has a mass per unit area of 12 kg /m?. Determine T o ° T

the moment of inertia of the pendulum about an axis
y
‘ o G 1.5m

perpendicular to the page and passing through the pin at O.

SOLUTION
I,= 11—2 [3(0.8)](0.8)> + %[3(1.5)](1.5)2 + %[12(@(0.3)2](0.3)2 C
0.1 m
+ [12(7)(0.3)%](1.8)* — %[12(77)(0.1)2](0.1)2 — [12(7)(0.1)%](1.8)* S
= 13.43 = 13.4kg-m? Ans.
Also, from the solution to Prob. 17-16,
m = 3(0.8 + 1.5) + 12[x(0.3)*> — #(0.1)*] = 9.916 kg
I,= 15+ md>
= 5.61 + 9.916(0.8878)?
= 13.4kg-m? Ans.
Ans:

I, =134kg -m?
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17-21.

The pendulum consists of the 3-kg slender rod and the
5-kg thin plate. 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.

SOLUTION

_ Sym 103) +22565) -

y = S - 145 =1.781m = 1.78 m
IG=ETG+md2

= 53 OOP +30781 ~ F + 5 (O + ) + 5025 - 1781

4.45 kg - m?

Ans.

Ans.

(e
Q

<

le—1 m —=

Ans:
y =1.78m
I = 445kg-m?
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17-22.

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

p = 7.85Mg/m°.

SOLUTION
m, = 7.85(10%)((0.05)m(0.01)) = 0.1233 kg
m,, = 7.85(10%)((0.03)(0.180)(0.02)) = 0.8478 kg

I, = 2{%(0.1233)(0.01)2 + (0.1233)(0.06)2]

+ {%(0.8478)((0.03)2 + (0.180)2)}

= 0.00325 kg - m? = 325 g-m?

20mm ——f
90 mm
50 mm
20 mm

O4L

180 mm

20 mm ﬂ‘ }-m

Ans.

Q 30 rInm

30 mm }-—»‘

Ans:
I, =325g-m’
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17-23.
Determine the moment of inertia of the overhung crank

about the x' axis. The material is steel having a destiny of
p = 7.85Mg/m?.

SOLUTION
m, = 7.85(10%)((0.05)m(0.01)) = 0.1233 kg

m,, = 7.85(10%)((0.03)(0.180)(0.02)) = 0.8478 kg

20mm — —
50 mm
20 mm

180 mm

20 mm H‘_

I,= B (0.1233)(0.01)2} + B (0.1233)(0.02) + (0.1233)(0.120)2}

* [% (0.8478)((0.03)* + (0.180)%) + (0.8478)(0.06)2}

= 0.00719 kg-m? = 7.19 g- m?

Ans.

T
=
LT

mm

Ans:
I, =719g-m?
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*17-24.

The jet aircraft has a total mass of 22 Mg and a center of

mass at G. Initially at take-off the engines provide a thrust T ?ZT \ /G
2T = 4kNand T’ = 1.5 kN. Determine the acceleration of T e e 1"'2"
the plane and the normal reactions on the nose wheel and 2.5m 23m B f m— A
each of the two wing wheels located at B. Neglect the mass T‘3 M- 6m_—
of the wheels and, due to low velocity, neglect any lift
caused by the wings.

20489

SOLUTION 1548 3m
& %?asa
B SF, = ma,; 1.5 + 4 = 224 ‘/S“’h Y 4
Z. 2"}’353 Ay L&

+13F,=0; 2B, + A, —22(981) =0
CH+IMp=2(Mg)p:  4(23) — 1.5(2.5) — 22(981)(3) + A, (9) = —22a5(1.2)

Ay =726 kN Ans.
B, = 71.6 kN Ans.
ag = 0.250 m/s? Ans.

Ans:
A, = 72.6 kKN
B, = 7T1.6 kN

ag = 0250 m/s?
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17-25.  The 4-Mg uniform canister contains nuclear waste
material encased in concrete. If the mass of the spreader

[a
beam BD is 50 kg, determine the force in each of the links ll u
AB, CD, EF, and GH when the system is lifted with an 300 30°
acceleration of a = 2 m/s” for a short period of time. / {
(0 © \@

03m' 04m

SOLUTION

Canister:

+13F, = m(ag),; 2T — 4(10%)(9.81) = 4(10%)(2)

TAB = TCD =T = 23.6kN Ans.

System:
+T2Fy = m(ag)y; 2T' cos 30° — 4050(9.81) = 4050(2)

TEF = TGH =T =276 kN Ans.

Q=2 m/s* A=2mfs* 50(78)N

-4010°)(981)N 400 (9.8)N

Ans:

TAB = TCD =T = 23.6kN
Tpr = Toy = T' = 27.6kN
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17-26. The 4-Mg uniform canister contains nuclear waste
material encased in concrete. If the mass of the spreader
beam BD is 50 kg, determine the largest vertical acceleration
a of the system so that each of the links AB and CD are not
subjected to a force greater than 30 kN and links EF and GH
are not subjected to a force greater than 34 kN.

SOLUTION
Canister:

+T2Ev = m(aG)y;

System:

+T2Fy = m(aG)y;

Thus.

300N

S

2(30)(10°) — 4(10%)(9.81) = 4(10%)a

a =519 m/s?

2[34(10°) cos 30°| — 4050(9.81) = 4050a

a =473 m/s?

Ay = 4.73 m/s?

300/0)N

~4.(10°) (78N

Ans.

F|| H

302 /30°

7&%
@ ©f \©,0)r

0.3 m

0.4 m

240/0)N

xﬂ

N

50(9.8)N

~410°)(9.81)N

Ans:
Ay = 473 m /s>
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17-27.

The assembly has a mass of 8 Mg and is hoisted using the
boom and pulley system. If the winch at B draws in the cable
with an acceleration of 2 m/s2, determine the compressive
force in the hydraulic cylinder needed to support the boom.
The boom has a mass of 2 Mg and mass center at G.

SOLUTION
Sp + 2SL =1
ap = _ZLZL
2= —ZaL

a, = —1m/s’
Assembly:

+13F, = may; 2T — 8(10%)(9.81) = 8(10°)(1) ‘?y\ -[

T = 4324 kN S

Boom:

C+3IM, = 0; Fep(2) — 2(10%)(9.81)(6 cos 60°) — 2(43.24)(10%)(12 cos 60°) = 0

FCD = 289 kN Ans.

2T

s >(3-EON

43 Z‘KI ﬂ,b)N

Ans:
FCD = 289 kN
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*17-28.

The assembly has a mass of 4 Mg and is hoisted using the
winch at B. Determine the greatest acceleration of the
assembly so that the compressive force in the hydraulic
cylinder supporting the boom does not exceed 180 kN. What
is the tension in the supporting cable? The boom has a mass
of 2 Mg and mass center at G.

SOLUTION
Boom:
C+3IM, = 0; 180(10%)(2) — 2(10%)(9.81)(6 cos 60°) — 2T(12 cos 60°) = 0
T =25095N = 25.1 kN Ans.
Assembly:

+1 SF = ma,;  2(25095) — 4(10°)(9.81) = 4(10°) a

a =274m/s* Ans.

4_“53)( 9.3

Ans:
a=274m/s?
T = 25.1kN
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17-29.

Determine the shortest time possible for the rear-wheel
drive, 2-Mg truck to achieve a speed of 16 m/s with a
constant acceleration starting from rest. The coefficient of
static friction between the wheels and the road surface is
s = 0.8.The front wheels are free to roll. Neglect the mass
of the wheels.

SOLUTION

Equations of Motion: The maximum acceleration of the truck occurs when its rear
wheels are on the verge of slipping. Thus, F 4, = u,N 4 = 0.8N 4. Referring to the

free-body diagram of the truck shown in Fig. a, we can write
B 3F, = m(ag),; 08N, = 2000a

+13F, = m(ag),; N+ Np—2000(9.81) = 0

+EZMg = 0; Np(1.5) + 0.8N4(0.75) — N4(2) =0
Solving Egs. (1), (2), and (3) yields

N, =1014828 N Ny = 9471.72N a = 4.059 m/s>

Kinematics: Since the acceleration of the truck is constant, we can apply
($) v =)+ at
16 = 0 + 4.059¢

=39s

@
(2)

'4
Q)
|_0~__> 2000(481)N

Ans. (@)

Ans:
t =39s
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17-30.

The 150-kg uniform crate rests on the 10-kg cart. Determine —05m —
the maximum force P that can be applied to the handle

without causing the crate to slip or tip on the cart. The M m 1
coefficient of static friction between the crate and cart is
e = 0.2.
Im
]
SOLUTION LQJ

Equation of Motion. Assuming that the crate slips before it tips, then £y = u, N = 0.2 N.
Referring to the FBD and kinetic diagram of the crate, Fig. a

+13F, = ma; N —150(9.81) = 150(0) N = 1471L.5N
ESE = m(ag)y; 02(14715) = 150a  a = 1.962 m/s?
CH+SM, = (M) 150(9.81)(x) = 150(1.962)(0.5)

x=01m

Since x = 0.1 m < 0.25 m, the crate indeed slips before it tips. Using the result of a
and refer to the FBD of the crate and cart, Fig. b,

& SF = mlag); P = (150 + 10)(1.962) = 313.92N = 314N Ans.

a
——

150(96)N | P 150C9.81)N

= | — (50,
0.5Mm N
- !

~10(9:81)N

N,

<
-

A i %——%
= : :

;
N
N b) 2

Ans:
P = 314N
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17-31.

The 150-kg uniform crate rests on the 10-kg cart. Determine e 05m —~
the maximum force P that can be applied to the handle
without causing the crate to tip on the cart. Slipping does
not occur.

SOLUTION

Equation of Motion. Tipping will occur about edge A. Referring to the FBD and
kinetic diagram of the crate, Fig. a,

C+3IM, = S(Mg)a;  150(9.81)(0.25) = (150a)(0.5)
a = 4.905m/s’

Using the result of a and refer to the FBD of the crate and cart, Fig. b,
al 2F, = m(ag), P = (150 + 10)(4.905) = 7848 N = 785N Ans.

a
E—

15009800 P 150(80)N

~10(981)N

N,

<l
h NN

H
ozsm ¢ | I ‘

(@) ,

_ 1500 o N
05m
A N\
N, b)

Ans:
P =78N
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*17-32.

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?

SOLUTION

Units Used: kN = 10° N

Given:
M = 460 kg
a=05m
b =03m
c=04m
g =9.81 m/s?
b
0 = asin(—)
a
Guesses

Npy, = 1N Np, = 1N a; = 1 m/s?

Given
Ngy = Ma, Npy—Mg=0 Npx(a) cos(6) - Ng,b = 0
NBx
Ngy | = Find(Ngy, Nay. ) o) (338 736 m/s
B = Fin , ,a = a; =736 m/s Ans.
) Bx>1VBy» 4t NBy 4513 t ns.
az

NBx
= 5.64kN Ans.
NBy
Ans:
a; =736 m/s’
Npy = 5.64kN
NBy = 5.64kN
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17-33.

The uniform girder AB has a mass of 8 Mg. Determine the
internal axial, shear, and bending-moment loadings at the
center of the girder if a crane gives it an upward acceleration
of 3m/s%

SOLUTION
Girder:

+13F, = ma,;  2Tsin60° — 8000(9.81) = 8000(3)

T =59166.86 N

Segment:

ESF = ma,;  59166.86 cos 60° — N = 0

N = 29.6 kN Ans. ﬁ.T T
& LRI
+13F, = may;  59166.86sin 60° — 4000(9.81) + V = 4000(3) LLal .E:k,

V=0 Ans. "L 353(.} ( l"}.‘,‘.‘l‘" }\‘.,
C+3SMe = S(M)e; M + 4000(9.81)(1) — 59 166.86 sin 60°(2) = —4000(3)(1)

M =512kN'm Ans. - 4

X
L
e
;o
Py
D
-
-
=
=
-
{4

1 e
1 EY A !
P
(R
Ans:
N = 29.6 kN
V=0

M = 512kN-m
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17-34.

The mountain bike has a mass of 40 kg with center of mass
at point Gy, while the rider has a mass of 60 kg with center
of mass at point G,. Determine the maximum deceleration
when the brake is applied to the front wheel, without
causing the rear wheel B to leave the road. Assume that the

- —
o N—

‘ q
front wheel does not slip. Neglect the mass of all the wheels. ﬂ;-i 1.25m
2

SOLUTION oim

Equations of Motion: Since the rear wheel B is required to just leave the road,
Np = 0.Thus, the acceleration a of the bike can be obtained directly by writing the
moment equation of motion about point A.

+3IM, = (M) —40(9.81)(0.4) — 60(9.81)(0.6) = —40a(0.4) — 60a(1.25)
a = 5.606 m/s> = 5.61 m/s’ Ans.

6O0(9-81N

40(9.8)N

Ans:
a=561m/s?
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17-35.

The mountain bike has a mass of 40 kg with center of mass
at point Gy, while the rider has a mass of 60 kg with center
of mass at point G,. When the brake is applied to the front
wheel, it causes the bike to decelerate at a constant rate of
3 m/s?. Determine the normal reaction the road exerts on
the front and rear wheels. Assume that the rear wheel is free
to roll. Neglect the mass of all the wheels.

2

i 1>

SOLUTION

Equations of Motion: N can be obtained directly by writing the moment equation
of motion about point A.

+EM 4 = (M) 43
Ny(1) — 40(9.81)(0.4) — 60(9.81)(0.6) = —60(3)(1.25) — 40(3)(0.4)

Ny =23712N = 237N Ans.
Using this result and writing the force equations of motion along the y axis,
+T2Fy = m(ag)y; N4 + 23712 — 40(9.81) — 60(9.81) = 0

N, =T4388N = 744N Ans.

60(981)N

60(3) kg-”'/f"‘

F0(3) kg-m[5*

Ans:
N = 237N
N, = 744N
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*17-36.

The trailer with its load has a mass of 150 kg and a center of
mass at G. If it is subjected to a horizontal force of
P = 600 N, determine the trailer’s acceleration and the
normal force on the pair of wheels at A and at B. The
wheels are free to roll and have negligible mass.

SOLUTION

Equations of Motion: Writing the force equation of motion along the x axis,
B IF, = m(ag),; 600 = 150a a=4m/s>*— Ans.
Using this result to write the moment equation about point A,
CH+IMy = (Mp),;  150(9.81)(1.25) — 600(0.5) — Np(2) = —150(4)(1.25)

Np = 1144.69 N = 1.14kN Ans.
Using this result to write the force equation of motion along the y axis,
+1 2F, = m(ag)y; N+ 1144.69 — 150(9.81) = 150(0)

N, = 32681 N = 327N Ans.

150(9.81)N

150a

e
_ .J.... [)
P=6ooN ~— T

Q@

Som KON

N

J
[25m

(a)

Ans:
a=4m/s* >
Np = 1.14kN
N, = 327N
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17-37.
A force of P = 300 N is applied to the 60-kg cart. Determine P
the reactions at both the wheels at A and both the wheels
at B. Also, what is the acceleration of the cart? The mass 300 /
center of the cartis at G.
G o
0.4m f

SOLUTION

Equations of Motions. Referring to the FBD of the cart, Fig. a,

0.08 m
ESE = m(ag),; 300 cos 30° = 60a

a = 43301 m/s> = 433m/s’ «— Ans.
HSE = m(ag),;  Na+ Np + 300sin30° — 60(9.81) = 60(0) §))
C+3Mg =0;  Ng(0.2) — N4(0.3) + 300 cos 30°(0.1)
— 300 sin 30°(0.38) = 0 2
Solving Egs. (1) and (2),
N4y = 11340N = 113N Ans.
Np = 32520N = 325N Ans.

300N

30

04m

Ans:
a=433m/s* —
Ny = 113N

Np = 325N
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17-38.
Determine the largest force P that can be applied to the P
60-kg cart, without causing one of the wheel reactions,
either at A or at B, to be zero. Also, what is the acceleration 30° /
of the cart? The mass center of the cart is at G.
Ge
0.4 !
0.3 m
/\eb Q,é |
A B
SOLUTION
1 03m —~ 02m ™

Equations of Motions. Since (0.38 m) tan 30° = 0.22 m > 0.1 m, the line of action 0.08 m
of P passes below G. Therefore, P tends to rotate the cart clockwise. The wheels at A
will leave the ground before those at B. Then, it is required that N, = 0. Referring,
to the FBD of the cart, Fig. a
+12F, = m(ag),; N + Psin 30° — 60(9.81) = 60(0) @
C+3IMg; = 0; P cos 30°(0.1) — Psin 30°(0.38) + Np(0.2) = 0 ?2)
Solving Egs. (1) and (2)

P =57877TN = 579N Ans.

Np = 29922 N

0.3m

Ans:
P =579N
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17-39.

If the cart’s mass is 30 kg and it is subjected to a horizontal
force of P = 90 N, determine the tension in cord AB and
the horizontal and vertical components of reaction on end
C of the uniform 15-kg rod BC.

SOLUTION

Equations of Motion: The acceleration a of the cart and the rod can be determined
by considering the free-body diagram of the cart and rod system shown in Fig. a.

BIF, = m(ag)y; 90 = (15 + 30)a a=2m/s’

The force in the cord can be obtained directly by writing the moment equation of
motion about point C by referring to Fig. b.

+3EMc = (Myp)e;  Fapsin30°(1) — 15(9.81) cos 30°(0.5) = —15(2) sin 30°(0.5)
Fup = 11244N = 112N Ans.
Using this result and applying the force equations of motion along the x and y axes,
B SF, = m(ag)y; —C, + 112.44sin30° = 15(2)
C,=2622N = 262N Ans.

+13F, = m(ag),; C, + 112.44cos30° — 15(9.81) = 0

C, =4978N = 498N Ans.

30( 9'3{)/\’ ,y

P L.
Ans:
FAB = 112N
C, =262N
C, = 498N
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*17-40.

If the cart’s mass is 30 kg, determine the horizontal force P
that should be applied to the cart so that the cord AB just
becomes slack. The uniform rod BC has a mass of 15 kg.

SOLUTION

Equations of Motion: Since cord AB is required to be on the verge of becoming
slack, F 45 = 0.The corresponding acceleration a of the rod can be obtained directly
by writing the moment equation of motion about point C. By referring to Fig. a.

+3Me = 3(Mc) 4 —15(9.81) cos 30°(0.5) = —15asin 30°(0.5)
a = 16.99 m/s?

Using this result and writing the force equation of motion along the x axis and
referring to the free-body diagram of the cart and rod system shown in Fig. b,

(B)SF, = m(ag): P = (30 + 15)(16.99)

= 764.61N = 765N Ans.

15(98I)N

o-5m

30°
|5 A

30°

@)

Ans:
P =765N
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17-41.

The uniform bar of mass m is pin connected to the collar,
which slides along the smooth horizontal rod. If the collar is
given a constant acceleration of a, determine the bar’s

inclination angle 0. Neglect the collar’s mass.

SOLUTION

Equations of Motion: Writing the moment equation of motion about point A,

>)

L
+3M,4 = (M), mgsin 9(5) = ma cos(9<

6= tan”(g)
8

Ans.

A —>

Ans:

6= tan”(g)
8
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17-42. The dragster has a mass of 1500 kg and a center of
mass at G. If the coefficient of kinetic friction between the
rear wheels and the pavement is u;, = 0.6, determine if it is
possible for the driver to lift the front wheels, A, off the
ground while the rear drive wheels are slipping. Neglect the
mass of the wheels and assume that the front wheels are
free to roll.

SOLUTION
If the front wheels A lift off the ground, then N4 = 0.
C+=Mp = S(My)p; —1500(9.81)(1) = —1500a(0.25)

ag = 39.24 m/s?
X SF = m(ag)y; Fy = 1500(39.24) = 58860 N

+13F, = m(ag),:  Np—15000981) =0 N = 14715N

Since the required friction Fy > (Ff)max = mr Np = 0.6(14715) = 8829 N,
it is not possible to lift the front wheels off the ground.

Ans.

1500(9-81) N
@)
F >
tm T 2:5m
Ns Na-‘C
[l
1500 4g
"\\\.‘T
_‘_ G :
B LU&Zﬁm
Ans:

Since the required friction Fy > (Fppax =
e Np = 0.6(14715) = 8829 N, it is not possible
to lift the front wheels off the ground.
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17-43.  The dragster has a mass of 1500 kg and a center of
mass at G. If no slipping occurs, determine the frictional
force Fp which must be developed at each of the rear drive
wheels B in order to create an acceleration of a = 6 m/s%.
What are the normal reactions of each wheel on the
ground? Neglect the mass of the wheels and assume that
the front wheels are free to roll.

SOLUTION
C+3Mg = S(My)z: 2N, (3.5) — 1500(9.81)(1) = —1500(6)(0.25) (S00(3&1) N
N, = 1780.71 N = 1.78 kN Ans.
+12F, = m(ag)y; 2Ny + 2(1780.71) — 1500(9.81) = 0 1
im 2.5m |
Ny = 5576.79N = 558 kN Ans. 2N
8 24,
5 SF = m(ag), ; 2 Fp = 1500(6) I
1500(6)
Fp = 4500 N = 450 kN Ans.

Q)

CZ5m

Ans:

N, = 1.78 kN
Ny = 5.58 kN
Fz = 450kN
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*17-44.

The pipe has a length of 3 m and a mass of 500 kg. It is
attached to the back of the truck using a 0.6-m-long chain
AB. If the coefficient of kinetic friction at C is u; = 0.4,
determine the acceleration of the truck if the angle 6 = 10°
with the road as shown.

SOLUTION
¢ = sin1<0'37691> = 52.98° el }E4T'ﬂm
BIF, = mlag)y; T cos 52.98° — 0.4N¢ = 500ag S I
+13F, = m(ag),: Ne — 500(9.81)+T sin 52.98° = 0 1of 0.5
C+3Me = S(M)e; —500(9.81)(L5 cos 10°) + T sin (52.98° — 10°)(3) = —500a¢(0.2605)

T = 339kN T

N¢ = 2.19kN sos(3 TN ﬁé-jf’ So0t.,

ag = 2.33 m/s? e =

ct “odn, ¢ Qz0sm

Ans:
ag = 2.33 m/s?
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17-45.

The lift truck has a mass of 70 kg and mass center at G. If
it lifts the 120-kg spool with an acceleration of 3 m/s?,
determine the reactions on each of the four wheels. The
loading is symmetric. Neglect the mass of the movable

arm CD.
SOLUTION
C+3ZMp=3S(My)g;  70(9.81)(0.5) + 120(9.81)(0.7) — 2N 4(1.25)
= —120(3)(0.7)
N, = 567.76 N = 568 N Ans.

+13F, = m(ag),;  2(567.76) + 2Ny — 120(9.81) — 70(9.81) = 120(3)

Np = 544 N Ans.

0.5m

B
B
07m
Ans:
N4 = 568N
Ny = 544N
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17-46.
The lift truck has a mass of 70 kg and mass center at G.

Determine the largest upward acceleration of the 120-kg
spool so that no reaction on the wheels exceeds 600 N.

SOLUTION

Assume N, = 600 N.
C+EZMp = Z(My)p; 70(9.81)(0.5) + 120(9.81)(0.7) — 2(600)(1.25) = —120a(0.7)

a = 3.960 m/s>

+13F, = m(ag),;  2(600) + 2Nz — 120(9.81) — 70(9.81) = 120(3.960)

Ng =570N < 600 N OK

Thus a = 3.96 m/s’ Ans.

0.75m 0.5m

120(9.81)N

Ans:
a=396m/s’
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17-47.

The uniform crate has a mass of 50 kg and rests on the cart
having an inclined surface. Determine the smallest
acceleration that will cause the crate either to tip or slip
relative to the cart. What is the magnitude of this
acceleration? The coefficient of static friction between the
crate and the cartis u, = 0.5.

SOLUTION

Equations of Motion: Assume that the crate slips, then Fy = u; N = 0.5N.

C+IMy = S(Mp)4;  50(9.81) cos 15°(x) — 50(9.81) sin 15°(0.5)

= 50a cos 15°(0.5) + 50a sin 15°(x)

+72F, = m(ag)y ; N — 50(9.81) cos 15° = —50a sin 15°

N+HEFy = m(ag)y; 50(9.81) sin 15° — 0.5N = —50a cos 15°
Solving Egs. (1), (2), and (3) yields

N = 44781 N x = 0250 m
a = 2.01 m/s?

Since x < 0.3 m, then crate will not tip. Thus, the crate slips.

@
2
3

Ans.

Ans.

Ans:
a =201m/s
The crate slips.
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*17-48.

The drop gate at the end of the trailer has a mass
of 1.25 Mg 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 5 m/s2. Also, what
are the horizontal and vertical components of reaction at
the hinge C?

SOLUTION L 7
C+3Me = S(M)¢; Tsin30°(2.5) — 12262.5(1.5 cos 45°) = 1250(5)(1.5 sin 45°) T /1™ =
T =157084N = 157kN Ans. WS frepins %&Sa(s:
ESFE = mlag),;  —C, + 157084 cos 15° = 1250(5) Cx
C, = 892kN Ans. Cy

+13F = m(ag)y;  C, — 12262.5 — 15708.4sin 15° = 0
C, = 163kN Ans.

Ans:

T = 15.7kN
C, = 8.92kN
C, = 16.3kN
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17-49.

The drop gate at the end of the trailer has a mass of 1.25 Mg
and mass center at G. If it is supported by the
cable AB and hinge at C, determine the maximum
deceleration of the truck so that the gate does not begin to
rotate forward. What are the horizontal and vertical
components of reaction at the hinge C?

SOLUTION
C+SMe = S(My)e;  —12262.5(1.5 cos 45°) = —1250(a)(1.5 sin 45°)
a = 9.81m/s?
53F = m(ag);  C, = 1250(9.81)
C, = 123kN
+13F, = m(ag),;  C, — 122625 =0
C, = 123kN

Ans.

Ans.

Ans.

Ans:

a = 9.81m/s
C, = 123kN
C, = 123kN
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17-50.

The bar has a weight per length w and is supported by the
smooth collar. If it is released from rest, determine the
internal normal force, shear force, and bending moment in
the bar as a function of x.

30°

SOLUTION

Entire bar:
oowl
SF. = m(ag)y;  wlcos30° = ;(aG)
ag = gcos30°

Segment:

ESE =mlag); N = (wxcos 30°) sin 30° = 0.433wx Ans.

+1 2F, = m(ag)y: wx — V = wx cos 30°(cos 30°)

V = 025wx Ans.
. . WA
CH+3IMs = 3(My)s; wx(*) — M = wx cos 30°(cos 30°)(*) “a
2 2 N —
— ‘j(‘z_
M = 0.125wx? Ans. J R 30
‘-j:?._’t(g o3 30")
2
Ans:
N = 0.433wx
V = 025wx
M = 0.125wx?
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17-51.

The pipe has a mass of 800 kg and is being towed behind the
truck. If the acceleration of the truck is a, = 0.5 m/s?
determine the angle 6 and the tension in the cable. The
coefficient of kinetic friction between the pipe and the

ground is p;, = 0.1.

SOLUTION

i)EFx = ma

X
+T2Fy = ma

y s

~0.1N¢ + T cos 45° = 800(0.5)

N¢ — 800(9.81) + T'sin45° = 0
—0.1N(0.4) + T sin p(0.4) = 0

N¢ = 67709N

T = 152324 N = 1.52kN

_0.1(67709) e
SN = 55304 ¢ = 26.

9 = 45° — ¢ = 18.6°

Ans.

Ans:
T = 1.52kN
0 = 18.6°
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*17-52.

The pipe has a mass of 800 kg and is being towed behind a
truck. If the angle 6 = 30°, determine the acceleration of the
truck and the tension in the cable. The coefficient of Kkinetic
friction between the pipe and the ground is u; = 0.1.

SOLUTION
B SF. =ma,; T cos45° — 0.IN. = 800a
+12F, = ma,;  Nc— 800(9.81) + T'sin45° = 0
C+IMg = 0; T sin 15°(0.4) — 0.IN(0.4) = 0
N¢ = 6161 N
T = 2382 N = 2.38 kN

a = 1.33m/s?

§00 o~
Ans:
T = 2.38 kN
a =133m/s?
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17-53.

The 100-kg uniform crate C rests on the elevator floor
where the coefficient of static friction is u, = 0.4.
Determine the largest initial angular acceleration «,
starting from rest at 6 = 90°, without causing the crate
to slip. No tipping occurs.

E

SOLUTION

Equations of Motion. The crate undergoes curvilinear translation. At 6 = 90°,
o = 0. Thus, (ag), = o’r = 0. However; (ag), = ar = «(1.5). Assuming that the
crate slides before it tips, then, Fy = u,N = 0.4 N.

SE, = m(ag),;  100(9.81) — N = 100(0) N = 981N
SE = m(ag);  04(981) = 100[a(1.5)] « = 2.616rad/s> = 2.62rad/s’ Ans.
C+3IMg=0;  0.4(981)(0.6) — 981(x) = 0

x = 024m

Since x < 0.3 m, the crate indeed slides before it tips, as assumed.

100(9-81) N

oom

Ans:
a = 2.62rad/s

845




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17-54.

The two uniform 4-kg bars DC and EF are fixed (welded)
together at E. Determine the normal force Ng, shear force V,
and moment Mg, which DC exerts on EF at E if at the
instant # = 60° BC has an angular velocity = 2 rad/s and
an angular acceleration @ = 4 rad/s” as shown.

SOLUTION

Equations of Motion. The rod assembly undergoes curvilinear motion. Thus,
(ag), = ar = 4(2) = 8 m/s* and (a;), = o’r = (2%)(2) = 8 m/s’. Referring to the
FBD and kinetic diagram of rod EF, Fig. a

ESF = m(ag)y, Ve = 4(8) cos 30° + 4(8) cos 60°

=4371 N = 437N Ans.
+13F, = m(ag)y:  Np — 4(9.81) = 4(8) sin 30° — 4(8) sin 60°
Ng =2753N = 275N Ans.
CHIMe = (M) g; Mg = 4(8) cos 30°(0.75) + 4(8) cos 60°(0.75)
=3278N-m = 328N'm Ans.

« = 4rad/s?

lj/:Z(\ ®=2rad/s

076m
A~ vl

Ans:
Ve = 437N
Ng =275N

My = 328N-m
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17-55.
500 mm

The arched pipe has a mass of 80 kg and rests on the surface
of the platform for which the coefficient of static friction is
s = 0.3. Determine the greatest angular acceleration « of
the platform, starting from rest when 6 = 45°, without
causing the pipe to slip on the platform.

G
Al ® B\ |7 200 mm

.
\1 e

SOLUTION
aG = (ag); = (1)(@) is.39N gt |
CH+3SMy=S(M)a;  Np(1) — 80(9.81)(0.5) = 80(1er)(sin 45°)(0.2) + 80(1a)(cos 45°)(0.5) e m
E3F, = m(ag) 03N, + 03N = 80(1a)sin 45° ) Mg
+13F, = m(ag),; N4 + N — 80(9.81) = 80(1a)cos 45°
Solving,

a = 5.95 rad/s? Ans.

N, = 494N

Ny = 628N

Ans:

a = 5.95rad/s?
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*17-56.

Determine the force developed in the links and the
acceleration of the bar’s mass center immediately after
the cord fails. Neglect the mass of links AB and CD. The
uniform bar has a mass of 20 kg.

SOLUTION | 0.6m |

Equations of Motion: Since the bar is still at rest at the instant the cord fails, vg = 0.
2

v
Thus, (ag), = TG = 0. Referring to the free-body diagram of the bar, Fig. a,

3F, = m(ag),; Tag + Tep — 20(9.81) cos45° + 50 cos45° = 0

2F, = m(ag);; 20(9.81) sin 45° + 50sin 45° = 20(ag),
+2XMg = 0; Tcpcos4d5°(0.3) — T 4pcos45°(0.3) = 0
Solving,
Tsp=Tcp =51.68N = 517N Ans.

(ag); = 8.704 m/s*

Since (ag),, = 0, then

ag = (ag), = 8.70 m/s> \ Ans.

45° + 45° Teo

59
s : > SON

Ans:
Tap=Tcp=517N
ag = (ag), = 8.70 m/s*
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17-57.

The 10-kg wheel has a radius of gyration k4 = 200 mm. If
the wheel is subjected to a moment M = (5¢) N - m, where ¢
is in seconds, determine its angular velocity when ¢t = 3's
starting from rest. Also, compute the reactions which the
fixed pin A exerts on the wheel during the motion.

SOLUTION
- EFx = m(aG)x; Ax =0
+ 12F, = m(ag); A, — 10(9.81) = 0

C+3EM, =1,q 5t = 10(0.2)%«
A a % ( )

do
== 12.5¢
= A 312.51 dt = %‘5(3)2
® = 56.2 rad/s Ans.
A, =0 Ans.
A, = 981N Ans.

Ans:

w = 562rad/s
A =0

A, = 981N

y
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17-58.

The uniform 24-kg plate is released from rest at the position
shown. Determine its initial angular acceleration and the
horizontal and vertical reactions at the pin A.

SOLUTION | 05m
Equations of Motion. The mass moment of inertia of the plate about its center of

1
gravity G is I = 5(24)(0.52 +0.5%) = 1.00 kg m’. Since the plate is at rest

initially = 0. Thus, (ag), = &’rg = 0. Here rg = V0.25* + 0.257 = 025V2 m.
Thus, (ag), = arg = a(025V2). Referring to the FBD and kinetic diagram of

the plate,
C+3IMy = (M), —24(9.81)(0.25) = —24[(0.25V2)](0.25V2) — 1.00 «
o = 14.715rad/s* = 14.7 rad/s* Ans.
Also, the same result can be obtained by applying XM, = [ «a where
Iy = 11—2(24)(0.52 +0.5%) + 24(025V2)% = 4.00 kg - m’:
C+3My =Iyo;  —24(9.81)(0.25) = —4.00 a
a = 14.715 rad/s

ESE = mlag)y: A, = 24[14715(025V2)] cos 45° = 8829 N = 883N Ans.
+13F, = m(ag),; A, — 24(9.81) = —24[14.715(0.25V2)] sin 45°
A, = 147.15N = 147N Ans.

Mla)=0

.IZ » O'L-ZFJE"”

Il

C
MBs), =242 (025/2)]

Ans:

a = 14.7rad/s?
A, = 883N
A, = 147N
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17-59.

The uniform slender rod has a mass m. If it is released from / ™~ L
rest when 6 = 0°, determine the magnitude of the reactive 3
force exerted on it by pin B when 6 = 90°.

SOLUTION
C
Equations of Motion: Since the rod rotates about a fixed axis passing through point
L L
B, (ag), = arg = a(g) and (ag), = ’rg = wZ(g) The mass moment of inertia
1
of the rod aboutits Gis 5 = EmL2 Writing the moment equation of motion about n
point B,
L L L 1
o= 2 mgc°se(6) ’”Mﬁﬂ(ﬁ) (12'” )“
8
a=or cos 6 1
This equation can also be obtained by applying ZMp = Iz, wherelg = o mL?+
<L>2 ! L?.Thus
m = —mL".
6 9 ’
L 1
+3Mp = Ipa; —mgcos@<g> = —(9mL2)a
g
Sy cos 6
Using this result and writing the force equation of motion along the » and ¢ axes, = %—
3 L N
2F, = m(ag); mgcosf — B, =m (icose)( )} zml )d'
2L 6 B 2
3 m([w(%)]
B, = ng cos 0 @
. m e ()]
3F, = m(ag),; B, — mgsinf = m wz(g)}
1 a)
B, = gmsz + mgsin @ ?) :
Kinematics: The angular velocity of the rod can be determined by integrating
/ wdw = / adf
"o = [ 2 cosod
A wdw = 2L cos
3
w = fgsin 0
3g - . .
When 6 = 90°, w = A Substituting this result and # = 90° into Egs. (1) and (2),
B, = 4mgcos90° =0
1 [3g
B, = e\ T (L) + mgsin90°
Ans:
VAZ+ A2 =./0" + mg Ans. E, = %mg
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*17-60.

The bent rod has a mass of 2 kg /m. If it is released from rest
in the position shown, determine its initial angular
acceleration and the horizontal and vertical components of
reaction at A.

SOLUTION

Equations of Motion. Referring to Fig. a, the location of center of gravity G of the
bent rod is at

_sem _ 2[075(1.5)(2)] + 15(2)(1.5)

YT sSm 3(15)(2) = 1L00m
y = % =0.75m

The mass moment of inertia of the bent rod about its center of gravity is

I =2 %(3)(1.52) +3(0.25% + 0.752)} + {11—2 (3)(1.5%) +3(0.5%)| = 6.1875 kg - m’.

Here, r¢ = V1.00> + 0.75% = 1.25 m. Since the bent rod is at rest initially, w = 0.
Thus, (ag), = o’rg = 0. Also, (ag), = arg = «(1.25). Referring to the FBD and
kinetic diagram of the plate,

CH+3IM, = (M) 9(9.81)(1) = 9[a(1.25)](1.25) + 6.1875

o = 436rad/s? D Ans.
Also, the same result can be obtained by applying XM, = Iya where

I = 11—2(3)(1.52) +3(0.75%) + 11—2(3)(1.52) +3(1.5% + 0.75°)

+ %(3)(1.52) +3(1.5% + 0.75%) = 2025 kg - m’:
C+3IM, = Lioe,  9(9.81)(1) =2025a  a = 4.36rad/s’
LESF = mlag): A, = 9[4.36(1.25)] G) = 2943N = 294N Ans.

+13F, = m(ag)y, A, — 9(9.81) = 79[4.36(1.25)](§>

A, =49.05N = 491N Ans.

‘ 1.5m

1.5m

Ans:

a = 436rad/s? D
A, = 294N

A, = 491N

y
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17-61.

If a horizontal force of P =100 N is applied to the 300-kg
reel of cable, determine its initial angular acceleration.
The reel rests on rollers at A and B and has a radius of
gyration of kp = 0.6 m.

SOLUTION

Equations of Motions. The mass moment of inertia of the reel about O is

Ip = Mk? = 300(0.62) = 108 kg - m’. Referring to the FBD of the reel, Fig. a,

C+3IMp =1Ipa;  —100(0.75) = 108(—a)
o = 0.6944 rad /s>
= 0.694 rad /s’

300(9.80)N

Y
=~

> /100N

0
20°| 20"
iy ;

(&)

B

&

Ans:
o = 0.694 rad /s
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17-62.

The 20-kg roll of paper has a radius of gyration k , = 90 mm
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 y;, = 0.2 and a
vertical force F = 30 N is applied to the end of the paper,
determine the angular acceleration of the roll as the paper
unrolls. 300

SOLUTION -
5 SFE, = m(ag)y; Ne — Typcos 6738 =0

+13F, = m(ag)y; T4psin 67.38° — 0.2Ns — 20(9.81) — 30 =0

C+3IMy = Lo —0.2N¢(0.125) + 30(0.125) = 20(0.09)%«a
Solving:
N¢c = 103N _
ing
TAB = 267N ﬁ?.aa‘ k
a = 7.28 rad/s’ Ans. Ne _,1 D01 L5 m
taNe ¢ JonN
(1N
Ans:

a = 7.28rad/s
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17-63.

The 20-kg roll of paper has a radius of gyration k , = 90 mm
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 u, = 0.2,
determine the constant vertical force F that must be applied
to the roll to pull off 1 m of paper in ¢ =3 s starting from rest.
Neglect the mass of paper that is removed.

SOLUTION

(+l)s =5 + vot-i-%actz

1
1=0+ O+5ac(3)2

ac = 0222 m/s’

_ 4
“ 70125

= 1.778 rad /s’

+, 3F = m(ag.,); N¢e — Typcos 67.38° =
+1 SF, = m(ag),,  Tapsin67.38° — 02Ne — 20(9.81) — F =0

C+ IMy = Lo, —0.2N¢(0.125) + F(0.125) = 20(0.09)*(1.778)
Solving:
Nec = 993N
Tsp = 258N
F=221N

300

Ans.

2. 00a, 7Y p)

Ans:
F=221N
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*17-64.

The kinetic diagram representing the general rotational N
motion of a rigid body about a fixed axis passing through O
is shown in the figure. Show that /s may be eliminated by P o

moving the vectors m(ag), and m(ag), to point P, located a Zi
distance rgp = k%/rog from the center of mass G of the m(ag), ‘\/

body. Here kg represents the radius of gyration of the body Isa /
about an axis passing through G.The point P is called the
center of percussion of the body.

SOLUT|ON oG

G

m(acg); roc + I a = m(ag); roc + (meG)a

However,

(ag),

oG

sz = ToG 'Ggp and o =

(ag), }

m(ag); roc + lga = m(ag), roc + (mrog rGP)|: Fou

= m(ag)(roc + rep) Q.E.D.

Ans:
m(ag)roc + lga = m(ag)(roc + rp)
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17-65. M= 200(1 _ e*O.Zt) N-m

Gears A and B have a mass of 50 kg and 15 kg, respectively.
Their radii of gyration about their respective centers of mass
are k¢ =250mm and kp = 150mm. If a torque of
M = 200(1 — ¢ *¥) N -m, where ¢ is in seconds, is applied
to gear A, determine the angular velocity of both gears when
t = 3 s, starting from rest.

SOLUTION
r'a

Equations of Motion: Since gear B is in mesh with gear A, ap = (T)a 4=
B

0.3
(07>a 4 = 1.5a,4.The mass moment of inertia of gears A and B about their respective

centers are I = mykc? = 50(025%) = 3.125kg-m> and I, = mgkp>=
15(0.15%) = 0.3375 kg - m% Writing the moment equation of motion about the gears’
center using the free-body diagrams of gears A and B, Figs. a and b,

C+EMe = Icay;  F(0.3) — 200(1 — 9% = —3.125a, )
and
C+EMp = Ipag, F(0.2) = 0.3375(1.5a,) Q?)

Eliminating F from Egs. (1) and (2) yields

ay = 51.49(1 — %) rad/s?

Kinematics: The angular velocity of gear A can be determined by integration.

/de = /aA dt

[opy t
/ dow, = / 51.49(1 — e 02)dt
0 0

wy = 51.49(t + 5¢7 % — 5)rad/s

Whent = 3,
ws = 51.49(3 + 5¢ 0¥ — 5) = 3831 rad/s = 38.3 rad/s Ans.
Then
r 0.3
wp = (i)% = <@)(38.31)

= 57.47 rad/s = 57.5rad/s Ans.

50(981)N
ZOO(/-&’—%)N. .

%

Ans:
w, = 383rad/s
wg = 57.5rad/s
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17-66.

The reel of cable has a mass of 400 kg and a radius of
gyration of k, = 0.75 m. Determine its angular velocity
when ¢ = 2 s, starting from rest, if the force P = (2022 + 80) N,
when ¢ is in seconds. Neglect the mass of the unwound cable,
and assume it is always at a radius of 0.5 m.

SOLUTION

Equations of Motion. The mass moment of inertia of the reel about A is
I, = Mk = 400(0.75?) = 225kg-m’ Referring to the FBD of the reel, Fig. a
C+3IMy = Lia; —(202 + 80)(0.5) = 225(—a)
a = l(tz + 4) rad/s?
45

Kinematics. Using the result of «, integrate dw = adt, with the initial condition v = 0

att = 0,
%) 2s2
do = [ ——(+4)ar
foo= J e

o = 04741 rad/s = 0.474 rad/s Ans.

400(4-81) N

P-z0t*+ 80
0.5 Sm——

()

Ans:
o = 0474 rad/s
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17-67.

The door will close automatically using torsional springs
mounted on the hinges. Each spring has a stiffness
k = 50N-m/rad so that the torque on each hinge is
M = (500) N - m, where 6 is measured in radians. If the door
is released from rest when it is open at # = 90°, determine its
angular velocity at the instant & = 0°. For the calculation, treat
the door as a thin plate having a mass of 70 kg.

SOLUTION
Iap = %mlz + md* = %(70)(1.2)2 + 70(0.6)* = 33.6 kg - m’

wdw = adb
® 0
/ wdw = —/ 2.97620d6
0 H
w = 271 rad/s

Ans.

Py
i
ME‘K

Ans:
® = 271 rad/s
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*17-68.

The door will close automatically using torsional springs
mounted on the hinges. If the torque on each hinge is
M = kO, where 0 is measured in radians, determine the
required torsional stiffness k so that the door will close
(6 = 0°) with an angular velocity @ = 2rad/s when it is
released from rest at & = 90°. For the calculation, treat the
door as a thin plate having a mass of 70 kg.

SOLUTION

SMy =140, 2M = — [112 (70)(1.2)> + 70(0.6)2}(01)

M = —16.8«
k6 = —16.8«a
adb = wdow
0 2
—k/ 0do = 16.8/ wdw
s 0

2

k 16.8
2G5 @

k =272 N-m/rad

o 2M= 30508)
b 7os8

]

8

-

Ans. A

Ans:
k = 272 N-m/rad
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17-69.

If the cord at B suddenly fails, determine the horizontal 800 N
and vertical components of the initial reaction at the

pin A, and the angular acceleration of the 120-kg beam.

Treat the beam as a uniform slender rod.

SOLUTION

Equations of Motion. The mass moment of inertia of the beam about A is I, =
1

5(120)(42) + 120(2?) = 640 kg - m?. Initially, the beam is at rest, @ = 0. Thus,

(ag), = &*r = 0. Also, (ag), = arg = a(2) = 2a. Referring to the FBD of the
beam, Fig. a

C+3SMy = Loy 800(4) + 120(9.81)(2) = 640

a = 8.67875 rad/s> = 8.68 rad/s’ Ans.
SF, = m(ag),; A, =0 Ans.
SF, = m(ag).: 800 + 120(9.81) + A, = 120[2(8.67875)]

A, = 105.7N = 106 N Ans.

2m

2m 1

Ans:

a = 8.68rad/s’
A, =0

A, = 106N
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17-70.

The device acts as a pop-up barrier to prevent the passage
of a vehicle. It consists of a 100-kg steel plate AC and a
200-kg counterweight solid concrete block located as G,
shown. Determine the moment of inertia of the plate and

block about the hinged axis through A. Neglect the mass of
the supporting arms AB. Also, determine the initial angular

0.3 m

c A L

acceleration of the assembly when it is released from rest at
8 =45° 1.25m ‘
SOLUTION
Mass Moment of Inertia:
1 2 2
Iy = 45 (100)(125%) + 100(0.625”) 200098011
+ i(200)(0 52+ 0.3%) + 200(V0.75% + 0.15%)?
12 . . . .
100(48
= 174.75kg - m? = 175 kg m? Ans.

Equation of Motion: Applying Eq. 17-16, we have =

C+SMy = I,a;  100(9.81)(0.625) + 200(9.81) sin 45°(0.15)

—200(9.81) cos 45°(0.75) = —174.75

a = 1.25 rad/s? Ans.

Ans:
I, = 175kg - m?
a = 1.25rad/s?
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17-71.

A cord is wrapped around the outer surface of the 8-kg disk.
If a force of F = (% 02) N, where 6 is in radians,
is applied to the cord, determine the disk’s angular
acceleration when it has turned 5 revolutions. The disk has
an initial angular velocity of w, = 1 rad/s.

SOLUTION

Equations of Motion. The mass moment inertia of the disk about O is
1 1

Ip = Emrz = 5(8)(0.32) = 0.36 kg - m’. Referring to the FBD of the disk, Fig. a,

C+3IMp = Ip G 02)(0.3) =036«

a = (0.2083 6?) rad/s

Kinematics. Using the result of «, integrate wdw = adf with the initial condition

w = 0when 6 = 0,
) 5(2m)
/ wdw = / 0.2083 6% do
1 0

1 5(2m)
(5)@,2 — 1) = 0.06944 6°

0

® = 65.63rad/s = 65.6 rad/s Ans.

F-59"
e

Ans:
® = 65.6rad/s
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*17-72.

Block A has a mass m and rests on a surface having a
coefficient of kinetic friction wu;. 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 ;. Neglect the mass of the cord.

SOLUTION

Block A:

5 3F, = may Ty = wemg = ma
Block B:

+lEFy = ma,; 2mg — T, = 2ma
Pulley C:

C+3ZMe = I5a; Ty —Tyr = {l<lm)r2}(a)
2\4 r

1
Tz_ T] =§ma

Substituting Egs. (1) and (2) into (3),

1 25
2mg — 2ma — (ma + pmg) = cma 2 - g =ga
1 8
2mg — pymg = gma + 3ma a= g(Z — mi)g

@

2

3

Ans.

T

G

m3
4 Tm=mj
=
9”\5

"3

Ta

Ans:

8
a= E(z — )8
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17-73.

The two blocks A and B have a mass of 5 kg and 10 kg,
respectively. If the pulley can be treated as a disk of mass 3 kg
and radius 0.15 m, determine the acceleration of block A.
Neglect the mass of the cord and any slipping on the pulley.

SOLUTION

Kinematics: Since the pulley rotates about a fixed axis passes through point O, its
angular acceleration is

a a

a = ; = E = 6.6667a
The mass moment of inertia of the pulley about point O is
1 1
I,= EMrz = 5(3)(0.152) = 0.03375 kg - m?

Equation of Motion: Write the moment equation of motion about point O by
referring to the free-body and kinetic diagram of the system shown in Fig. a,

C+IM, = S(My),; 5(9.81)(0.15) — 10(9.81)(0.15)
= —0.03375(6.6667a) — 5a(0.15) — 10a(0.15)

a = 2973 m/s? = 2.97 m/s’ Ans.

—
3@G.8)N

A

J
5@80N ||| sa

)

10(981)N 104,
(@)

Ans:
a=297m/s*
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17-74.

The two blocks A and B have a mass m, and mg,
respectively, where mp > m 4. 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
CH+3Me=2(My)cs mp g(r) — mag(r) = | =Mr? Ja + mgr*a + myr*a
2

g(mp — my)

1
r(EM + mpg + mA>

glmp — my)

a =

2

1
(*M+m3+mA

)

Ans.

g Mg

g(mp — my)

1
<2M + mp + mA>
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17-75.

The 30-kg disk is originally spinning at @ = 125 rad/s. If it
is placed on the ground, for which the coefficient of kinetic
friction is u, = 0.5, determine the time required for the
motion to stop. What are the horizontal and vertical
components of force which the member AB exerts on the
pin at A during this time? Neglect the mass of AB.

SOLUTION

Equations of Motion. The mass moment of inertia of the disk about B is

1 1
Iy = —mr? = 5(30)(0.32) = 1.35 kg - m’. Since it is required to slip at C,

F= ,iCNC = 0.5 Nc. Referring to the FBD of the disk, Fig. a,
+ SF = m(ag)y 0.5N¢ — F,p cos 45° = 30(0)
+1 2F, = m(ag)y; N¢ — Fypsin 45° — 30(9.81) = 30(0)
Solving Egs. (1) and (2),
Ne = 588.6N Fyp = 41620N
Subsequently,
C+ IMp = Ize; 0.5(588.6)(0.3) = 1.35«
a = 654rad/s*> D

Referring to the FBD of pin A, Fig. b,
L3F =0; 41620 cos45° — A, =0 A, =2943N = 294N
+13F, = 0; 416.20sin45° — A, =0 A, =2943N = 294N
Kinematic. Using the result of «,
+Jw=wy+ at; 0=125+ (—65.4)

t=1911s =191s

30(9-8DN

0.5

@
¢

Ans.
Ans.

Ans.

/» = 125rad/s

Ans:

A, = 294N
A, = 294N
t=191s

867




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*17-76.

The wheel has a mass of 25 kg and a radius of gyration
kg = 0.15 m. It is originally spinning at w = 40 rad/s. If it is
placed on the ground, for which the coefficient of kinetic
friction is uc = 0.5, 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.

SOLUTION
Iy = mk%} = 25(0.15)* = 0.5625 kg - m?
+13F, = m(ag),; () Fap + Ne — 25(9.81) = 0
B 3F, = m(ag),;  0.5N¢ — (2)Fa =0
C+3IMp=Ig;  05N(0.2) = 0.5625(—a)
Solvings Egs. (1),(2) and (3) yields:
Fap=11148N N = 1784N
o = —31.71 rad/s?
A, = 3F 15 = 08(111.48) = 892N
A, = 3F 45 = 0.6(111.48) = 66.9 N
o=y + ot
0 =40 + (=31.71) ¢

t =126s

@
2
3

Ans.

Ans.

Ans.

0.4m —»‘

Ans:

A, = 892N
A, = 669N
t=125s
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17-717.

The disk has a mass of 20 kg and is originally spinning at
the end of the strut with an angular velocity of
o = 60 rad/s.If it is then placed against the wall, where the
coefficient of kinetic friction is u; = 0.3, determine the
time required for the motion to stop. What is the force in
strut BC during this time?

SOLUTION

X SF, = m(ag),;  Fepsin30° — Ny =0

+13F, = m(ag),;  Fepcos30° — 20(9.81) + 03N 4 = 0

C+SMg=1Iga; 03N,4(0.15) = B (20)(0.15)2}1
N, =96.6N
Fep = 193N
a = 19.3 rad/s?
C+ o =w)+ a.t
0 =060+ (—19.3)¢

t =311s

Ans.

Ans.

150 mm

60°

)
S

&

20(4.81)N QOC

Ans:

Fep = 193N
t=311s
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17-78.

The 5-kg cylinder is initially at rest when it is placed in
contact with the wall B and the rotor at A. If the rotor
always maintains a constant clockwise angular velocity
® = 6 rad/s, determine the initial angular acceleration of
the cylinder. The coefficient of kinetic friction at the
contacting surfaces B and Cis u; = 0.2.

SOLUTION

Equations of Motion: The mass moment of inertia of the cylinder about point O is

1 1
given by I, = 5mr2 =3 (5)(0.125%) = 0.0390625 kg - m?. Applying Eq. 17-16,
we have

B SF, = m(ag),; Np+ 02N ,cos45° — N ,sin45° =0 §))
+T2Fy = m(ag)y; 02Np + 02N, sin 45° + N, cos 45° — 5(9.81) = 0 2)
C+3Mp=Ipa; 02N, (0.125) — 0.2N, (0.125) = 0.0390625 A3)
Solving Egs. (1), (2), and (3) yields;

Ny=5101N Ny =288 N

a = 14.2 rad/s? Ans.

Ans:
o = 142 rad/s?
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17-79.

Cable is unwound from a spool supported on small rollers
at A and B by exerting a force 7= 300 N on the cable.
Compute the time needed to unravel 5 m of cable from the
spool if the spool and cable have a total mass of 600 kg and
a radius of gyration of k, = 1.2 m. For the calculation,
neglect the mass of the cable being unwound and the mass
of the rollers at A and B. The rollers turn with no friction.

SOLUTION
Iy = mk% = 600(1.2)> = 864 kg - m’
C+3Mp = Ipa;  300(0.8) = 864(a)  a = 0.2778rad/s’

5
The angular displacement § = o 08~ 6.25 rad.
r .

1 2
0290+w0r+5act

1
625=0+0+ E(0.27778):2

t=06.71s Ans.

Ans:
t=6."71s
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*17-80.

The 20-kg roll of paper has a radius of gyration S——> F
k =120 mm about an axis passing through point A. It is pin =
supported at both ends by two brackets AB. The roll rests
on the floor, for which the coefficient of kinetic friction is
u;, = 0.2.1f a horizontal force F=60 N is applied to the end
of the paper, determine the initial angular acceleration of
the roll as the paper unrolls. B

—— 400 mm ——

SOLUTION

Equations of Motion. The mass moment of inertia of the paper roll about A is
Iy = mk,2 = 20(0.12%) = 0.288 kg - m’. Since it is required to slip at C, the friction is
F, = wN = 0.2 N. Referring to the FBD of the paper roll, Fig. a

4
* SE = m(ag), 02N — Eyg (5) + 60 = 20(0) 1)
+13F, = mag); N — Fup @) — 20(9.81) = 20(0) Q)

Solving Egs. (1) and (2)
Fyp = 14594 N N = 283.76 N

Subsequently
C+3My = Lye;  0.2(283.76)(0.3) — 60(0.3) = 0.288(—a)
« = 33824 rad/s> = 3.38 rad/s’ Ans.

20(281)N

AR
P

Ans:
o = 3.38rad/s?
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17-81.

The armature (slender rod) AB has a mass of 0.2 kg and
can pivot about the pin at A. Movement is controlled by the
electromagnet E, which exerts a horizontal attractive force
on the armature at B of Fz = (0.2(107°)/7?) N, where / in
meters is the gap between the armature and the magnet at
any instant. If the armature lies in the horizontal plane, and
is originally at rest, determine the speed of the contact at B
the instant / = 0.01 m. Originally / = 0.02 m.

SOLUTION

Equation of Motion: The mass moment of inertia of the armature about point A is
1

given by Iy=1Ic+ mrg=5(02)(015) +02(0.075%) = 1.50(107 Jkg - m®

Applying Eq. 17-16, we have

0.2(1073
C+SM, = 1, %(0.15) = 1.50(107) a
~0.02
a = 172

Kinematic: From the geometry, / = 0.02 — 0.156. Then dI = —0.15d6 or

dl d
de = 015 Also,w = %hence do = é Substitute into equation wdw = ad®6,

v (v [
015\015) ~ *\ T015

vdv = —0.15adl

v 0.01 m
/ vdv = / —-0.15 (022> dl
0 0.02m )

v = 0.548 m/s Ans.

l‘<—

150 mm

O-IEm
Fr.
o
Ans:
v = 0.548m/s
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17-82.

The 4-kg slender rod is initially supported horizontally by a 100 N
spring at B and pin at A. Determine the angular acceleration e 15m—d 15 m—
of the rod and the acceleration of the rod’s mass center at v
the instant the 100-N force is applied. fi/? !

\‘ §f=20N/m

SOLUTION

1
Equation of Motion. The mass moment of inertia of the rod about A is [, = I 4)(3%) +
4(1.5%) = 12.0 kg - m’. Initially, the beam is at rest, w = 0. Thus, (ag), = w’r = 0. Also,

(ag), = arg = a(1.5). The force developed in the spring before the application of the

. 4(9.81) N ) )
100 N force is Fy, = s = 19.62 N. Referring to the FBD of the rod, Fig. a,
C+ M, = Lo 19.62(3) — 100(1.5) — 4(9.81)(1.5) = 12.0(—«)
a = 125rad/s) Ans.
Then

(ag), = 12.5(1.5) = 18.75m/s* |
Since (ag),, = 0.Then

ag = (ag), = 18.75m/s> | Ans.
100N
l.&5m k{-sm
TN T
x“)
@)= 15)

A: 498N fp=ig620
()

Ans:
a = 125rad/sD
ag = 18.75m/s* |
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17-83.

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

SOLUTION

Forces:
L)
A

WX 5 X
—? (L -=)0 =N& +8520+wxl 1 N\
gw< Z)’H N wr M \\\

Moments: A

X
lae=M-S(> *
“ S(Z) |
1
O=M— - Sx (0))] _/
2 ®

Solving (1) and (2),
® X
N = wx f(L—f)-l-cosO Ans.
g 2
V = wx sinf Ans.
1 2 -
M = wa sin 6 Ans.

Ans:

e 3) o]
N = wx L —— |+ cosé@
g 2

V = wxsin 0

1
M = wa2 sin 6
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*17-84.

Determine the angular acceleration of the 25-kg diving
board 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
of 200 mm, w = 0, and the board is horizontal. Take

k = 7kN/m.

SOLUTION

C+SMy =T 1.5(1400 — 245.25) = B (25)(3)2}1

+1> F, = m(ag),; 1400 — 24525 — A, = 25(1.5)

(jLEFn:m(aG)n; Ax:()

Solving,
A, =0
A, =28ON

a = 23.1 rad/s?

F—l.Sm—»"—l.Sm—»

E

Ans. 24525 N
Ans. As =
P Sm
Ans. 1,400 N :
A, 25(1.5a)

Ans:
A, =0
A, = 289N

o = 23.1rad/s?
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17-85.

The lightweight turbine consists of a rotor which is powered k—10m

from a torque applied at its center. At the instant the rotor . n

. . . . -]

is horizontal it has an angular velocity of 15 rad/s and a 22 =

clockwise angular acceleration of 8 rad/s%. Determine the YT ‘

. . 25m
internal normal force, shear force, and moment at a section !

through A. Assume the rotor is a 50-m-long slender rod,
having a mass of 3 kg/m.

SOLUTION

& 3F, = m(ag),; Ny = 45(15)*(17.5) = 177kN Ans.

+13F, = m(ag),;; V4 + 45(9.81) = 45(8)(17.5)

V4 = 5.86 kN Ans.
CHEIM, = (M) 4; My + 45(9.81)(7.5) = {%(45)(15)2}(8) + [45(8)(17.5)](7.5)

M, = 50.7kKN-m Ans.

17.5m

AL
»-ﬁ 56,
Na

A ; Copt
" Ty \ \h;g;\
Ans 4t
45 (9.3

Ans:
N, = 177kN
V4 = 5.86 KN

M, = 50.7kN-m
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17-86.
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 a mass m and length /.

SOLUTION

Assembly:

1 2 1 2 2 [ 2
= — + _ + + —
Iy 3ml o (m)()* + m(l (2) )
= 1.667 ml*

C+EIM, =1, mg(é) + mg(l) = (1.667Tml*)a

Segment BC:

Sy = 30ns M = [ G et E)

12 P+ 2
1,1, 09
M—3mla—3ml(7l )
M = 03gml Ans.

A

L Lre
-—F_ L,
H) m &
b
113l
“x

Q)
Fait

1 zh
-mofm‘tt"éi”d*

Ans:
M = 0.3gml
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17-87.

The 100-kg pendulum has a center of mass at G and a radius
of gyration about G of kg = 250 mm. Determine the
horizontal and vertical components of reaction on the beam
by the pin A and the normal reaction of the roller B at the

instant 6 = 90° when the pendulum is rotating at
o = 8rad/s. Neglect the weight of the beam and the
support.

SOLUTION

Equations of Motion: Since the pendulum rotates about the fixed axis passing
through point C, (ag), = arg = a(0.75) and (ag), = w’rg = 84(0.75) = 48 m/s.
Here, the mass moment of inertia of the pendulum about this axis is
I = 100(0.25)> + 100(0.75% = 62.5 kg-m?. Writing the moment equation of
motion about point C and referring to the free-body diagram of the pendulum,
Fig. a, we have

QJrZMC = Ica; 0 =625«

Using this result to write the force equations of motion along the » and ¢ axes,

& SF = m(ag),;  —C, = 100[0(0.75)] C, =0

+12F, = m(ag)u; C, — 100(9.81) = 100(48) C,=5781N

Equilibrium: Writing the moment equation of equilibrium about point A and using
the free-body diagram of the beam in Fig. b, we have

+EM, =0, Np(1.2) — 5781(0.6) = 0 Np =2890.5N = 2.89kN  Ans.
Using this result to write the force equations of equilibrium along the x and y axes,

we have
B 3F, =0, A, =0 Ans.
+T2Fy =0

Ay, +2890.5 — 5781 = 0 Ay, = 2890.5N = 2.89 kN Ans.

0.6 m

0.6 m

G
G)n v
(@) r o

h
t

100(9.81) N

(4)
Gz 578N
— (=0
Im
_ )
A, ? i 7\
| o6m o6m
A Ne
t W
Ans:
Ny = 2.89kN
A, =0
A, = 289KkN
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*17-88.

The 100-kg pendulum has a center of mass at G and a radius
of gyration about G of kg = 250 mm. Determine the
horizontal and vertical components of reaction on the beam
by the pin A and the normal reaction of the roller B at the
instant § = 0° when the pendulum is rotating at w = 4 rad/s.
Neglect the weight of the beam and the support.

SOLUTION

Equations of Motion: Since the pendulum rotates about the fixed axis passing

through point C, (ag), = arg = a(0.75) and (ag), = w’rg = 4%(0.75) = 12m/s~.  AP}F——
Here, the mass moment of inertia of the pendulum about this axis is
Ic = 100(0.25%) + 100(0.75)> = 62.5 kg-m? Writing the moment equation of 0.6 m 0.6 m
motion about point C and referring to the free-body diagram shown in Fig. a,
C+EMc = Ica; —100(9.81)(0.75) = —62.5« a = 11.772 rad/s’
Using this result to write the force equations of motion along the n and ¢
axes, we have
+13F, = m(ag),;  C, — 100(9.81) = —100[11.772(0.75)] C,=981N
& SF, = m(ag),; C,=100(12) C, = 1200N
Equilibrium: Writing the moment equation of equilibrium about point A
and using the free-body diagram of the beam in Fig. b,
+XM, = 0; Np(1.2) — 98.1(0.6) — 1200(1) = 0 Np =1049.05N = 1.05kN Ans.
Using this result to write the force equations of equilibrium along the x
and y axes, we have
BIF, =0 1200 - A, =0 A, =1200N = 1.20kN Ans.
+T2Fy =0 1049.05 — 981 — A, =0 A, =95095N = 951N Ans.
G=98.1 N
100(9.8) N C.=1200
T
|m
Ac
A'} N 8 Ans:
(b ) Np = 1.05kN
A, = 120kN
A, = 951N
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17-89.

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 of 20 g/s such as that the exhaust
gases always exert a force having a constant magnitude of
0.3 N, directed tangent to the wheel, determine the angular
velocity of the wheel when 75% of the mass is burned off.
Initially, the wheel is at rest and has a mass of 100 g and a
radius of r =75 mm. For the calculation, consider the wheel

to always be a thin disk.

SOLUTION

Mass of wheel when 75% of the powder is burned = 0.025 kg
Time to b ff75°/—m—375

ime to burn o oj0.0Zkg/s_ I5s

m(t) = 0.1 — 0.02¢

Mass of disk per unit area is

m

At any time ¢,

56588 — 0.1 — (2).021‘
wr
oy = [0 00
\ 7 (5.6588)
+2Mc = ICa;
do = adt

_ 0.1kg
PO AT 7(0.075 m)?

= 5.6588 kg/m?

1
0.3r = —mr*a

2

0.6 0.6

0.1 - 0.02
1= 0.020), [t
(0.1 = 0020477 5 6588)

a = 0.6(Vm(5.6588)) [0.1 — 0.021]

a = 2.530[0.1 — 0.02¢] 2

[0 t
/ do = 2.530 / [0.1 — 0.02¢] > dt
0 0

o = 253[(0.1 — 0.02)" — 3.162]

Fort =3.75s,

» = 800 rad/s Ans.

03N
W
) r
[ 3
C y
0.3N
&
Ans:
» = 800rad/s
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17-90.

If the disk in Fig. 17-19 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 2M;c = I;ca, where I;c represents the moment
of inertia of the disk calculated about the instantaneous axis
of zero velocity.

SOLUTION

C+EMic = S(Mg)ie;  EMye = Iga + (mag)r
Since there is no slipping, ag = ar

Thus, ZM;c = (IG + mrz)a

By the parallel-axis thoerem, the term in parenthesis represents /;c. Thus,

EM]C = I,Ca

Q.E.D.

Ih e
mda
Te.
Ans:
M = Ica
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17-91.

The slender 12-kg bar has a clockwise angular velocity of
o =2 rad/s when it is in the position shown. Determine its
angular acceleration and the normal reactions of the smooth
surface A and B at this instant.

SOLUTION

Equations of Motion. The mass moment of inertia of the rod about its center of

1 1
gravity G is I = Eml2 = 6(12)62) = 9.00 kg - m’. Referring to the FBD and

kinetic diagram of the rod, Fig. a

<i EEV = m(aG)x; NB = 12(aG)x (1)

+13F, = m(ag),;  Na — 12(9.81) = —12(ac), )
C+ 3SMp = (My)o; —12(9.81)(1.5 cos 60°) = —12(ag),(1.5 sin 60°)
~12(ag),(1.5 cos 60°) — 9.00
V3(ag), + (ag), + a = 981 A3)

Kinematics. Applying the relative acceleration equation relating a; and a; by
referring to Fig. b,

ac = ag + a Xrgp — wer/B

—(ag)d — (ag),j = —apj + (—ak) X (—1.5 cos 60°i — 1.5 sin 60°%)
—2%(—1.5 cos 60°% — 1.5 sin 60°%)

~(ag),i — (ag)yj = (3 — 0.75V3a)i + (0.75a — ay + 3V3)j

15 Cos60m 1-5C0560°m

( o

1208)N

[SSinpo'm.
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17-91. Continued

Equating i and j components,
—(ag), = 3 — 0.75\/3a
~(ag), = 0.75a — ag + 3\/3
Also, relate a; and a4,
ay=ag+aXryp— o',
—asi = —agj + (—ak) X (=3 cos 60°i — 3 sin 60%)
—2%(=3 cos 60°i — 3 sin 60%)
—ai = (6 — 1.5V3a)i + (1.5a — ag + 6\/3)j
Equating j components,
0=15¢ — az + 6\V/3; ap = 1.5a + 6\V/3
Substituting Eq. (6) into (5)
(ag), = 0.75a + 3\/3
Substituting Eq. (4) and (7) into (3)
V3(0.75V3a — 3) + 0.75a + 3V/3 + a = 9.81
« = 24525 rad /s> = 2.45 D rad /s’
Substituting this result into Egs. (4) and (7)
—(ag), = 3 — (0.75V/3)(2.4525); (ag), = 0.1859 m/s?
(a), = 0.75(24525) + 3V3;  (ag), = 7.0355 m/s
Substituting these results into Egs. (1) and (2)

Np = 12(0.1859); Nz = 2.2307N = 223N

N, — 12(9.81) = —12(7.0355); N, = 33.2937N = 333N

()
6

()

)

Ans.

Ans.
Ans.

Ans:

o =245rad/s® D
Ny = 223N

N, = 333N

884




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*17-92.
The 2-kg slender bar is supported by cord BC and then

released from rest at A. Determine the initial angular
acceleration of the bar and the tension in the cord.

o]

SOLUTION

BIF, = mag),; T cos30° = 2(ag),

+13F, = m(ag),;  Tsin30° — 19.62 = 2(ag), '%F"i;‘
I

C+=Mg = Iga; Tmnmxow):h%@xoaﬂa

ag = ag t ag Gay
L1 e
agsin 30°i — ag cos 30°j = (ag)d + (ag),j + a (0.15)j =«éﬁo:='§.,,
( - ) (ap) sin 30° = (ag).
(+1)  (ap) cos30° = —(ag), — a(0.15)
Thus,

1.7321(ag)x = —(ag)y, — 0.15a

T =561N Ans.

(ag)y = 2.43 m/s’

(ag), = —8.41 m/s’

a = 28.0 rad/s? Ans.

Ans:

T =561N
« = 28.0 rad/s?
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17-93.

The spool has a mass of 500 kg and a radius of gyration
ks = 1.30 m. It rests on the surface of a conveyor belt for
which the coefficient of static friction is u, = 0.5 and the
coefficient of kinetic friction is u;, = 0.4. If the conveyor
accelerates at ac = 1 m/ s2, determine the initial tension in
the wire and the angular acceleration of the spool. The
spool is originally at rest.

SOLUTION

B3 F, = mlag);  —F,+ T = 500ag

+ 13 F, = m(ag),; N, —50009.81) = 0

C+D Mg =Iga;  Fy(1.6) — T(0.8) = 500(1.30)*x
a,=ag t a,;c
(a,),i = agi — 0.8ai
ag = 0.8a

N, = 4905 N

Assume no slipping

ac

a=——=—=125rad/s Ans.

08 08

ag = 0.8(1.25) = 1 m/s?

T = 232 kN Ans.

F, = 1.82kN

Since

(F9)max = 0.5(4.905) = 2.45 > 1.82

(No slipping occurs)

a;

ac=1

5009.81) N

08m
16m T
F, -——

TN

5

(a,),=0
y 0.8m
Ans:
a = 1.25rad/s
T=232N
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17-94.

The spool has a mass of 500 kg and a radius of gyration
kg = 1.30 m. It rests on the surface of a conveyor belt for
which the coefficient of static friction is u, = 0.5.
Determine the greatest acceleration ac 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.

SOLUTION
5 3F, = m(ag)s
+ 13 F, = m(ag),;
C+>Mg = Iga,

a, = ac + a,;
(ay),j = agi — 0.8ai

ag = 0.8a

Solving;

Since no slipping

Also,
C+>Mc = Ica;

Since Ng = 4905 N

T — OSNS = SOOaG
N, — 500(9.81) = 0
0.5N,(1.6) — T(0.8) = 500(1.30)%«

N, = 4905N
T =313kN Ans.
a = 1.684 rad/s Ans.

ag = 1.347 m/s?

ac = ag + ac/G

ac = 1.347i — (1.684) (1.6)i

ac = 1.35m/s? Ans.

0.5N,(0.8) = [500(1.30)*> + 500(0.8)]a

a = 1.684 rad/s

500(9.81)

1.6m

Ans:

T = 3.13kN,
a = 1.684 rad/s
ac = 1.35m/s?
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17-95.

The 20-kg punching bag has a radius of gyration about its
center of mass G of kg = 0.4 m. If it is initially at rest and is
subjected to a horizontal force F = 30 N, determine the
initial angular acceleration of the bag and the tension in the
supporting cable AB.

SOLUTION

BIF, = mag)y; 30 = 20(ag),

+T2Fy = m(ag)y; T —196.2 = 20(ag),
C+3IMg = Iga; 30(0.6) = 20(0.4)%a
a = 5.62 rad/s? Ans. T

(ag)y = 1.5m/s?

ag = ag t+ ag;; F=30N
llBi = (aG)yj + (ag)xi - (X(OS)i
196.2 N
+1  (ag)y =0
Thus, (08)n=0
T =196 N Ans. : (as)ﬁaa
(06)_3 T
P k7_" (a(:‘)at
W=p0 L__|

Ans:
a = 5.62rad/s?
T =196N
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*17-96. The assembly consists of an 8-kg disk and a 10-kg
bar 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 w, = 0.6 and
mi = 0.4, respectively. Neglect friction at B.

SOLUTION
mp = 8 kg L=1m

mp = 10 kg r=203m

i = 0.6 0 = 30°

uy = 0.4 g = 9.81 m/s?

. (r
¢ = as1n(z>

Assume no slip
Guesses

Ne=1N Fc=1N

a = ll‘ad/s2 ay = lm/52

Foae = 1N
Given
L -1 2 r
Nchos(¢) - ngLcos(H— ¢) - mng cos(@— ¢) = TmDr a—mpayr— mbaAE
—-Fc+ (mD + mb)gsin(ﬁ) = (mD + mb)aA
12
FCV:EmDr a ay=ra Friax = s N
Nc
Fc Ne 109.04
ay | = Find(Nc,Fe,ay, o, Fuay) Fc |=| 1605 |N a=13381ad /$ Anps.
a Fnax 65.43
Finax Since Fc=16.05N < Fj,; = 65.43N then our no-slip assumption is correct.

Ans:
a = 13.38 rad /s’

Since F¢c=16.05N < F,, = 6543N
then our no-slip assumption is correct.
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17-97. Solve Prob. 17-96 if the bar is removed. The
coefficients of static and kinetic friction between the disk
and inclined plane are puy = 0.15 and u;, = 0.1, respectively.

SOLUTION

mp = 8 kg L=1m

mp = 0 kg r=03m

Mg = 0.15 6 =30°

uy = 0.1 g = 9.81 m/s’

¢ = asin(ij
L

Assume no slip

Guesses

Ne=1N Fg=1N

a =1 rad /s

ay =1 m/s?

Fpax = 1 N

Given

NCLcos(¢) - ngLcos(H— ¢) - mbgg cos(@— ¢) = ;mDrza —mpayr— mpay 3

—-Fc+ (mD + mb)gsin(ﬂ) = (mD + mb)aA

12
Fcr= EmDr a

= Find(Ne., Fe. a4, . Fa)

Since Fc=13.08N > F,,, = 10.19N

that slipping does occur.

ay=ra

Fax = #s NC
Nc 67.97
Fc | =|13.08 [N
Foax 10.19

7

a =10.90 rad /s

then our no-slip assumption is wrong and we know
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17-97. Continued

Guesses

Ne=1N Fc=1IN a=1rad/s’ ay=1m/s> Fpgy=1N

Given
,

NCLcos(¢) - ngLcos(H— ¢) - mbgécos(é’— ¢) = _TlmDrza —mpayr— mpay 3

-Fc+ (mD + mb)gsin(ﬁ) = (mD + mb)aA

Fcr= %mD”za Fmax = s Nc Fc= uxNc
Nc
Fc Nc 67.97
ay | = Find(Ne,Fe,ag, o, Fray) Fc |=]| 680 |N o =5661ad /S  Aps.
a Frax 10.19
Fnax

Ans:
a = 5.66rad /s’

Since Fo=13.08N > F, ;= 10.19N
then our no-slip assumption is wrong and we know

that slipping does occur.
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17-98.

A force of F=10 N is applied to the 10-kg ring as shown. If
slipping does not occur, determine the ring’s initial angular
acceleration, and the acceleration of its mass center, G. Neglect
the thickness of the ring.

SOLUTION

Equations of Motion. The mass moment of inertia of the ring about its center of
gravity G is I; = mr? = 10(0.4>) = 1.60 kg - m’. Referring to the FBD and kinetic
diagram of the ring, Fig. a,

C+3IMe = (u)e; (10 sin 45°)(0.4 cos 30°) — (10 cos 45°)[0.4(1 + sin 30°)]
= —(10a¢)(0.4) — 1.60

dag + 1.60a = 1.7932 @
Kinematics. Since the ring rolls without slipping,

ag = ar = a(0.4) ?)
Solving Egs. (1) and (2)

a = 0.5604 rad /s> = 0.560 rad/s* D Ans.

ag = 02241 m/s* = 0224 m/s* — Ans.

ocgeyn oM

450 7

0-4m!

¢ k k 04 1+Sin3oIm
N 0:4.£0520° M

(&)

cht = [-600L

T M =10%

Ans:
a = 0.560 rad/s* D
ag = 0224m/s> —
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17-99.

If the coefficient of static friction at C is u, = 0.3, determine
the largest force F that can be applied to the 5-kg ring,
without causing it to slip. Neglect the thickness of
the ring.

SOLUTION

Equations of Motion: The mass moment of inertia of the ring about its center of
gravity G is I; = mr?> = 10(0.4>) = 1.60 kg- m’. Here, it is required that the ring is
on the verge of slipping at C, F; = u, N = 0.3 N. Referring to the FBD and kinetic
diagram of the ring, Fig. a

+13F, = m(ag)y; Fsin45° + N — 10(9.81) = 10(0) a
£ SF = mlag),; Fcos45° — 03N = 10ag 7))
C+3IMg = Ige; Fsin 15°(0.4) — 0.3 N(0.4) = —1.60« A3)
Kinematics. Since the ring rolls without slipping,

ag = ar = a(0.4) @)

Solving Egs. (1) to (4),
F=4234N = 423N Ans.
N =06816N  «=2373rad/s* D  ag = 0.9490 m/s*> —

10(980N  F

I,0=1.60X

M= 10%

N a).

Ans:
F=423N
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*17-100.

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 r=05m

M> = 40 kg a=0.1m
kc =04 m b=2m
kp =035m 6 =30
Solution:
Both wheels have the
same angular
acceleration.
Guesses
Fug=1N

a =1rad/s®

Given

—-Fy p(2r—a) + Mlgsin(e)r = M]kcza + M](ra)r

Fy p(2r—a) + Mggsin(H)r = Mngza + Mg(ra)r

Fyp ,
= Find(F 3, @) Fyp=—-62IN a=621rad /s Ans.
[04

Ans:
a=621rad /s
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17-101.

The spool has a mass of 100 kg and a radius of gyration of
ks = 0.3 m. If the coefficients of static and kinetic friction
at A are pu, = 0.2 and p, = 0.15,respectively, determine the
angular acceleration of the spool if P = 50 N.

SOLUTION
B SF, = m(ag)y; 50 + F4 = 100ag
+12F, = m(ag),;  Na — 100(9.81) = 0
C+EMg = Iga; 50(0.25) — F 4(0.4) = [100(0.3)*]a
Assume no slipping: ag = 0.4«
a = 1.30 rad/s?
ag =0520m/s> N, =981N  F,=200N

Since (F p)max = 0.2(981) = 1962 N > 2.00 N

Ans.

OK

| N\ [feson

) Joan

&

Ny

Ans:
o = 1.30rad/s?
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17-102.

Solve Prob. 17-101 if the cord and force P= 50N are
directed vertically upwards.

SOLUTION

B IF, = m(ag)x; F, = 100ag

+13F, = m(ag),; N4+ 50 — 100(9.81) = 0
C+EMg = Iga;  50(0.25) — F 4(0.4) = [100(0.3)*]a

Assume no slipping: a; = 0.4 «

a = 0.500 rad/s? Ans.
ag = 0.2 m/s? N,4u=931N Fy=20N
Since (F g)max = 0.2(931) = 1862 N > 20N OK

> P
P=50N
0.26m
100(9.80 N
X
2 e
|

Ans:
o = 0.500 rad /s’
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17-103.

The spool has a mass of 100 kg and a radius of gyration
kg = 0.3 m. If the coefficients of static and kinetic friction
at A are pu, = 0.2 and p, = 0.15, respectively, determine the
angular acceleration of the spool if P = 600 N.

SOLUTION
B SF, = m(ag),; 600 + F,4 = 100ag
+12F, = m(ag),;  Na — 100(9.81) = 0

C+3Mg = Ige;  600(0.25) — F4(0.4) = [100(0.3)2]a

Assume no slipping: ag = 0.4«
« = 15.6 rad/s?
ag = 624m/s> N,=981N  F, =240

Since (F p)max = 0.2(981) = 1962 N > 240N

N

Ans.

OK

4 /00¢9.81)N
\——_’}) '\ - P-éoon

N\ |\ lozsm

@

// .

Ans:
o = 15.6rad/s?
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*17-104.

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
L SF =m(ag)y; P = mag
C+2IMg = Iga; P(%) = (%mLz)a
1
P = gmLa
_ or
 mL
P
ag = —
m

ag = ag + aB/G

—agi = —i+ —ai
m

2
P La
C )
_£_£(LP)
m 2\mL
2P 2P
032_7:
m m

Ans.

Ans.

> o

hN

Ans:
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17-105.

Solve Prob. 17-104 if the roller is removed and the
coefficient of kinetic friction at the ground is y,.

SOLUTION
FEIF = m(ag)y; P — Ny = mag

L_(1 .
(P [LkNA)Z—(lsz)a

+13F, = m(ag)y;, Ny—mg=0

C + EMG = IGO[;

Solving,
Ny = mg
L
ag = ga

_6(P — wmg)
o = T Hmg)

Ans.
L ns.
aB=aG+aB/G
L
(i)) aB:—ga-i-Ea
an = 2
B3
2(P — pwm,
aB:M Ans.

m

> o

hN

1. 08
l
L Nomy = caak
Z.
- }F)‘.Mﬁ
“h’
Ans:
o= 6(P — e mg)
mlL
2P — e mg)
BT
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17-106. 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 of 2.70 Mg, a mass center G, and a
radius of gyration about G of ks = 1.45 m. 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 =8 m/s
at 20° from the horizontal. Assume the wheels are free to
roll, and neglect the size of the wheels and the deformation
of the material.

SOLUT'ON STAEPOLICE“."‘
g I g

Mg = 10° kg

KN = 10° N

M=270Mga=13m

0 =20deg b =16m

kg =145m ¢ =12m

vg=8m/s d=04m

Guesses
vy =1m/s ® =1 rad /s
ag = 1 m/s? a = 1rad /s

agy = 1 m/s? agy = 1 m/s’

Ngsy=1N Np=1N
ay =1m/s
Given

N4+ Npcos(6) - Mg = Mag, ~Ngsin(6) = Mag,
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17-106. Continued

NBcos(H)c - NBsin(H)(a —d) - Nyb = MkG2a

V4 0 b+c vgcos(6)
0|+ x| d |= vBsin(H)

0 w 0 0

ay 0 b+c b+c

o [+]0 [x d - a)z d =
0 a 0 0

aGx 0 c c

agy |+| 0 |x| —a+d —co2 —-a+d
0 a 0 0

V4

ay
ag
aGx

agy

Ny

chos(Q)
aBsin(é’)
0

chos(ﬁ)

ag sin( H)
0

= Find(VA, Q),aA,aB,an,aGy, (Z,NA,NB)

(

(

ay

ap

aGx -1.82 5
= m/s Ans.
agy -1.69
a = —0.283 rad /S2 Ans.
N4 8.38
= kN
Np 14.39
® = 0.977 rad /s
—0.663
= m/s?
-3.431
Ans:
ag, = —1.82m/s?
agy = —1.69 m/s’

a = —0.283 rad/s?
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17-107.

The 500-kg concrete culvert has a mean radius of 0.5 m. If — A 3 m/s?
the truck has an acceleration of 3m/s?, determine the ‘

culvert’s angular acceleration. Assume that the culvert does
not slip on the truck bed, and neglect its thickness.

SOLUTION

Equations of Motion: The mass moment of inertia of the culvert about its mass
center is I = mr? = 500(0.52) = 125 kg- m’. Writing the moment equation of
motion about point A using Fig. a,

C+IMy = S(MY): 0= 125a — 500a5(0.5) @)

Kinematics: Since the culvert does not slip at A, (a4), = 3 m/s%. Applying the
relative acceleration equation and referring to Fig. b,

ag =ay + a X164 — wer/A
agi = 3i + (ay),j + (ak X 0.5)) — ?(0.5§)
agi = (3 — 0.5a)i + [(a), — 0.50%]j
Equating the i components,
ag =3 — 0.5a @)
Solving Egs. (1) and (2) yields
ag = 1.5m/s*? —

a = 3rad/s? Ans.

500(4:81)N

@

Ans:
a = 3rad/s?
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*17-108.
The 12-kg uniform bar is supported by a roller at A. If a A F=80N
horizontal force of FF = 80 N is applied to the roller, (3\ - >

determine the acceleration of the center of the roller at the
instant the force is applied. Neglect the weight and the size
of the roller.

SOLUTION

Equations of Motion. The mass moment of inertia of the bar about its center of gravity G

1 1
islg = Eml2 BET) (12)(2?) = 4.00 kg - m”. Referring to the FBD and kinetic diagram
of the bar, Fig. a

E5F = mag)s 80 = 12(ag),  (ag). = 6.6667 m/s> —
CH+IMy = (m)a: 0= 12(6.6667)(1) — 400a  « = 20.0tad/s> D

Kinematic. Since the bar is initially at rest, = 0. Applying the relative acceleration
equation by referring to Fig. b,

ag = ay +a X YG/a — erG/A
6.6667i + (ag),j = asi + (=20.0k) X (=j) — 0
6.6667i + (ag),j = (as — 20)i

Equating i and j components,

6.6667 = a4 — 20; a, = 26.67m/s’ =267 m/s’> — Ans.

(aG)y =0

A
- S—> 2

~ (\ A =20-0 5’-)0)=0
) g)=6-6667 mfs*

(b )

Ans:
ay = 267 m/s>—
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17-109.

The semicircular disk having a mass of 10 kg is rotating at
o = 4 rad/s at the instant 6§ = 60°. If the coefficient of
static friction at A is ug; = 0.5, determine if the disk slips at
this instant.

SOLUTION

Equationsof Motion: The mass moment of inertia of the semicircular disk about its center
1

of mass is given by I = 5(10) (0.42) — 10 (0.1698%) = 0.5118 kg m? From the

geometry, 74 = V0.16987 + 0.47 — 2(0.1698) (0.4) cos 60° = 0.3477 m Also, using

sinf  sin 60°

0.1698  0.3477°

law of sines, 0 = 25.01°. Applying Eq. 17-16, we have

C+IMy = S(My),;  10(9.81)(0.1698 sin 60°) = 0.5118a

+ 10(ag), cos 25.01°(0.3477)

+ 10(ag)y sin 25.01°(0.3477) @
&3, = m(ag)s: Fy = 10(ag)s @
e =0-5118 X
+1F, = m(ag),; N — 10(9.81) = —10(ag), 3) 0(a;)
2 0:3477m
Kinematics: Assume that the semicircular disk does not slip at A, then (a4), = O. 2501
Here,xg4 = {—0.3477 sin 25.01°1 + 0.3477 cos 25.01°j} m = {—0.1470i + 0.3151j} m.
Applying Eq. 16-18, we have =
0@, A
) é)v_
aG:aA+a><rG/A—wrG/A
—(ag), i = (ag),j = 6.40j + ak X (—0.1470i + 0.3151j) — 4*(—0.1470i + 0.3151j)
—(ag)xi — (ag)yj = (2.3523 — 03151 a) i + (1.3581 — 0.1470c)j
N " %
Equating i and j components, we have N
(ag), = 03151a — 2.3523 @)
/ a = . L
(ag), = 014700 — 13581 ®) é”‘ » =640 m/s
Solving Egs. (1), (2), (3), (4), and (5) yields: (06)} 25010

a =1385rad/s’  (ag), = 2012m/s*  (ag), = 0.6779 m/s’

Fy =20.12N N =9132N

Since Fy < (Ff)max = #sN = 0.5(91.32) = 45.66 N, then the semicircular
disk does not slip. Ans.

Ans:
Since Fy < (F)max = #sN = 0.5(91.32) = 45.66 N,
then the semicircular disk does not slip.

904




© Pearson Education Limited 2017. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

17-110.

@
The uniform disk of mass m is rotating with an angular \
velocity of wy when it is placed on the floor. Determine the r
initial angular acceleration of the disk and the acceleration \

of its mass center. The coefficient of kinetic friction between
the disk and the floor is ;.

SOLUTION

Equations of Motion. Since the disk slips, the frictional force is F; = u;N.The mass

. . . . . 1
moment of inertia of the disk about its mass center is I5 = Emr2. We have

+T2Fy:m(ac)y; N —-mg=0 N = mg

ESF, = mag)  m(mg) = mag aG = w8 < Ans.
1 2

C+IMg = Iga; —u(mg)r = (Emrz)a a= 'urkg D Ans.

Ans:
ag :zﬂkg <~
o = 218
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17-111.

The uniform disk of mass m is rotating with an angular
velocity of wy when it is placed on the floor. Determine the
time before it starts to roll without slipping. What is the
angular velocity of the disk at this instant? The coefficient
of kinetic friction between the disk and the floor is ;.

SOLUTION

Equations of Motion: Since the disk slips, the frictional force is F; = u;N.The mass

. . . . . 1
moment of inertia of the disk about its mass center is I = —mr?.

2
+T2Fy=m(aG)y; N —-—mg=0 N = mg
E3F, = mlag)  m(mg) = mag ac = w8

1 2
+3IMg = Iga; —w(mg)r = —(Emrz)a a = 'U;kg

Kinematics: At the instant when the disk rolls without slipping, v = wr. Thus,

(‘j—‘) v = (VG + act
wr =0+ gt

r=2 )
Mr&
and
w = w)t+ af
2
€+ w—ayr () @

Solving Egs. (1) and (2) yields

o 1 _ wolr
@73 T 3

Ans.

~ o

Ans:
1

w = §w0
[ONa

t = 0
g
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*17-112. The 20-kg disk A is attached to the 10-kg block B
using the cable and pulley system shown. If the disk rolls
without slipping, determine its angular acceleration and the
acceleration of the block when they are released. Also, what
is the tension in the cable? Neglect the mass of the pulleys.

SOLUTION

Equation of Motions:

Disk:

CH+EMic = E(My)c:  T(02) = - %(20)(0.2)2 + 20(0.2)? |a

Block:

+l3F, = m(ag),;  10(9.81) — 2T = 10a,

Kinematics:
2sg + 54 =1
ZaB = —dayu
Also,
ay = 02«
Thus,
ap = _0.1(1

Note the direction for a and ap are the same for all equations.

Solving Egs. (1) through (3):

ag = 0.755m/s? = 0.755 m/s? |
a = —7.55rad/s* = 7.55 rad/s* D
T =453N

Yo s8N T

0-Zm

IC

NI

@

2

3

Ans.
Ans.

Ans.

Qg

10(4.81)N

0.2m

o

Ans:
ag = 0.755m/s> |

a = 7.55rad/s* D
T = 453N
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17-113.

The 30-kg uniform slender rod AB rests in the position
shown when the couple moment of M = 150N-m is
applied. Determine the initial angular acceleration of the
rod. Neglect the mass of the rollers.

D =
|
!

0.75 m

SOLUTION
Equations of Motion: Here, the mass moment of inertia of the rod about its mass M=150N-m( {1+
center is Ig = 11371112 = %(30)(1.52) = 5.625kg-m? Writing the moment m
equations of motion about the intersection point A of the lines of action of N4 and

Nj and using, Fig. a,

+SM, = S(My) 4 ~150 = 30(ag)(0.75) — 5.625a O+

5.625a — 22.5(ag), = 150 @

Kinematics: Applying the relative acceleration equation to points A and G, Fig. b,
ac =a, +a X rG/A - (x)er/A
(ag)d + (ag)yj = —asj + (—ak) X (=0.75j) — 0
(aG)xi + (aG)yj = —0.750i — ClAj
Equating the i components,
(QG)X = —0.75a (2)
Substituting Eq. (2) into Eq. (1),

a = 6.667 rad/s> = 6.67 rad/s’ Ans.

@)

Ans:
@ = 6.67 rad/s?
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17-114.

The 30-kg slender rod AB rests in the position shown when
the horizontal force P = 50 N is applied. Determine the
initial angular acceleration of the rod. Neglect the mass of
the rollers.

SOLUTION

Equations of Motion: Here, the mass moment of inertia of the rod about its mass

1 1
centeris I = Eml2 = 5(30)(1.52) = 5.625 kg - m%. Writing the moment equations

of motion about the intersection point A of the lines of action of N4 and Ny and
using, Fig. a,

+3SM, = S(My) ;s —50(0.15) = 30(ag)(0.75) — 5.625a
5.625a — 22.5(ag), = 75 @)

Kinematics: Applying the relative acceleration equation to points A and G, Fig. b,

A = Ay + a X rG/A - (t)zl'G/A
(ag)d + (ag)yj = —asj + (—ak) X (=0.75) — 0

(ag)d + (ag)yj = —0.75ai — a4j

Equating the i components,

(ag)y = —0.75 2)
Substituting Eq. (2) into Eq. (1),

« = 3.333rad/s? = 3.33 rad/s® Ans.

30098)N  S0We)

[5m Ly
Sl S0y,

P= 50N

5>
|
|

1.5m

P=50N «——~)

)y
R
4,

/s Ii_
x

(b)

Ans:
a = 3.33rad/s’
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17-115.

The solid ball of radius r and mass m rolls without slipping
down the 60° trough. Determine its angular acceleration.

SOLUTION

r
d = rsin30° = -
rsm >

. r 2, r\?
M,y = Z2(Mp)u—u; mg sin 45° 5) = |5mr +m 5) |

10g A
a=—" ns.
13V2r
r Ard
2q° 0?
N 5&0
e T
(/N
A d, NN
Ans:
10g

o= —
13V2r
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*17-116.

A cord is wrapped around each of the two 10-kg disks.
If they are released from rest, determine the angular
acceleration of each disk and the tension in the cord C.

Neglect the mass of the cord.

SOLUTION

For A:

C+IM, =140,  T(0.09) = {%(10)(0.09)2}( 4 @
For B:

C+3Mp = Igay;,  T(0.09) = {%(10)(0.09)2}013 ?)
+|3F, = m(ag),;  1009.81) — T = 10ap A3)

ag = ap + (agyp), + (ag/p)n
(+1)ag = 0.09a, + 0.09p + 0
Solving,
ag = 7.85m/s?
a, = 43.6 rad/s?
ap = 43.6 rad/s?
T =196N
A, = 10(9.81) + 19.62

= 118N

()

Ans.
Ans.

Ans.

10(9.81) N

0.09m

T

0.09m ﬁ

10(9.81) N

D
A
90 mm
C

90 mm

(a G’P)u

Ans:

ay =43.6rad/s?)
ap =43.6rad/s?d
T=19.6 N
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17-117.

The disk of mass 7 and radius r rolls without slipping on the
circular path. Determine the normal force which the path
exerts on the disk and the disk’s angular acceleration if at
the instant shown the disk has an angular velocity of w.

SOLUTION

Equation of Motion: The mass moment of inertia of the disk about its center of

1
mass is given by I = 5 mr?. Applying Eq. 17-16, we have

CHIM, = (M) 4; mg sin 6(r) = (%mrz)a + m(ag), (r) 1]

2F, = m(ag),: N — mgcos 6 = m(ag), 2] \ mg.
8

Kinematics: Since the semicircular disk does not slip at A, then v = wr and
(ag), = ar.Substitute (ag), = ar into Eq. [1] yields

mg sin 0(r) = (% ml’z)a + m(ar)(r)

- :
-8
-+

2
a = -8 sin 6 Ans. N
3r

Also, the center of the mass for the disk moves around a circular path having a
. UZG wr?
radius of p = R — r.Thus, (ag), = — = )
p R—r

Substitute into Eq. [2] yields

2.2
wr
N — 0=
mg cos m(R—r)

2.2
N=m( wr +gcos9> Ans.
R—r

2.2
N = (;rr+gcost‘))
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17-118.

The 500-kg concrete culvert has a mean radius of 0.5 m. If
the truck has an acceleration of 3m/s?, determine the
culvert’s angular acceleration. Assume that the culvert does
not slip on the truck bed, and neglect its thickness.

SOLUTION

Equations of Motion: The mass moment of inertia of the culvert about its mass
center is I = mr’ = 500(0.52) = 125 kg- m’. Writing the moment equation of
motion about point A using Fig. a,

CH+IMy = S(MY): 0= 125a — 500a5(0.5) @)

Kinematics: Since the culvert does not slip at A, (a4), = 3 m/s%. Applying the
relative acceleration equation and referring to Fig. b,

ac = a, + a Xrg4 — wer/A
agi — 3i + (ay),j + (ak X 0.5)) — *(0.5§)
agi = (3 — 0.5)i + [(aa), — 0.50%]j
Equating the i components,
ag =3 — 0.5« 2)
Solving Egs. (1) and (2) yields
ag = 1.5m/s*> —

a = 3rad/s? Ans.

500(481)N

(@

Ans:
a = 3rad/s?
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17-119.

The uniform beam has a weight W. If it is originally at rest ~ Rawal
while being supported at A and B by cables, determine the
tension in cable A if cable B suddenly fails. Assume the
beam is a slender rod.

A4 BA
__—
SOLUTION . |
W FL L L
+T2Fy = m(ag)y; Ty— W= *gflc 4 2 4
L 1 /W W/(L L
+IM, = Iy ) =1= =) a+ )l
CHEMA = Lyer W(4) {12(g) }“ g<4>°‘(4)
I(L L) L
L=2A77t3) Ta ¢ T,
g\4 3 A B 1\2‘ &
L B o
i = o = i
Since ag a(4>. % W = '%A
.
_£<§)
“T7\L
w L W/(12\/ g \/ L
T, = _ ) = _ | == o =
mw-gals) - -S)E)E)
TA=iW Ans.
7
Also,
+12F, = m(ag),; Ty — W= —%aG
o LY _| LW\,
C+EMG—IGC¥, TA(4>_|:12<g>L :|CK
SinceaG:%a
TAzl(K>LCI
3\ ¢
1 W(L
3(?)“‘ s ?(z)
_2(5)
~ 7\L
1w 12\/ &
Ty=—-\—|L| =— || —
)
TA=£W Ans.
7
Ans
4
T, = =W
A7
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*17-120.

By pressing down with the finger at B, a thin ring having a
mass m is given an initial velocity v, and a backspin @y when
the finger is released. If the coefficient of kinetic friction
between the table and the ring is w,, determine the distance
the ring travels forward before backspinning stops.

SOLUTION
+132F,=0; Ny—mg=0
Ny = mg
5IF, = mlag)e  m (mg) = mlag) ¥
06 = i NY
2 — d‘q

C+EIM; = Iga; i (mg)r = mrea

g
|
&
+
8

(C+)

wy r

M 8

(él'—) s:so-i-vot-i-iactz
wy 1 w%r2
s=oen(20) - (Jwo i)
N g 2 i8) w7 g
r 1
= <—w0 ><v0 — —awy r) Ans.
M 8 2
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