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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 m.

I, = / x> dm
M

i
= / x%(p Adx)
’ z
1
=-pAP
3 P
m=pAl X
Thus, dx
1
I, = 3 mi? Ans. A 7
x
17-2. The right circular cone is formed by revolving the y
shaded area around the x axis. Determine the moment of
inertia /, and express the result in terms of the total mass m y=7x
of the cone. The cone has a constant density p. k

dm = pdV = p(m y*dx)

4 ?\ ., P\(1),; 1 2
Op(w)ﬁxdx—pﬂ'ﬁ gh—gpwrh Rhﬁ.‘

m =
dr, =+ 2 dm
X 2y y
1, 2
=5 ¥ (pm y dx) X
1 r
= E p(’iT) (ﬁ))& dx
h 4
_ 1 AR WIS 4
I, = A 2p(77)(h4)x dx = 107" " h
Thus,
1 *im 2 Ans
0™’ :
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17-3. The paraboloid is formed by revolving the shaded
area around the x axis. Determine the radius of gyration k.
The density of the material is p = 5 Mg/m?>.

dm = pwy*dx = p 7 (50x) dx

1 200
Ix=/fy2dm=f/ 50 x {7 p (50x)} dx
2 2 )

502 1 3 200
-oo( )5

=pm (5?02>(200)3

200
m:/dm:/ a p (50x) dx
0

1,
=pm (50)[516 L

- o (3 )00y

y? = 50x \
Wi

200 mm-———

1 50
k.=, /;X = /?(200) = 577 mm Ans.
*]17-4. The frustum is formed by rotating the shaded area y
around the x axis. Determine the moment of inertia /, and _boyy
express the result in terms of the total mass m of the Y=axt oy
frustum. The frustum has a constant density p. T 2b
b
i |,
b* b*
dm = pdV = pmy* dx = pw(7x2 +—x + bz)dx
a a
1 2 4
dl, = Edmy = —pmwy  dx
1 b, 4bt 5 6 4b*
dl, = Epw(7x4 73):3 + sz + TX + b4)dx
1 “bt, 4t 5 6bt,  4p! .
I, = /d]xzapﬂl (;x +?x +7X +7x+b)dx
31
= Epﬂmb4
“ b 2b* 7
m = [ndm = pﬂ'l <;x2 + - + bz)dx = gpﬂ'ab2
93
1, = %mb2 Ans.
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¢17-5. The paraboloid is formed by revolving the shaded y

area around the x axis. Determine the moment of inertia ) -7

about the x axis and express the result in terms of the total L

mass m of the paraboloid. The material has a constant T
density p. T

dm = pdV = p (m y> dx)

e

"1 a
Ix = A Epﬂ(ﬁ)x dx
1
= g T p(,l4 h
h 2
1
m = A 5P 1T<%)x dx
1
= 5 pmath
I = L ma? An:
x = zma S.
17-6. The hemisphere is formed by rotating the shaded y

area 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.

/x2+y2=r2

r r < U |
m = /pdV = p/ mx’dy = pw/ r* = y?dy *
v 0 0 -

1 50" 2
S
0

1 r T r
I, = /*(dm)xZIB/Trx“dy:pf/ (rzfyz)zdy
m 2 2 Jo 2 Jo

57
P 4 25 3 y} dpm s

= — —_— +7 e
2{” 37V 7S

o 15 "

Thus,
2
I, = 5 mr? Ans.

643




© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

17-7. Determine the moment of inertia of the z
homogeneous pyramid of mass m about the z axis. The
density of the material is p. Suggestion: Use a rectangular
plate element having a volume of dV = (2x)(2y)dz. ——————————

h
>7
a
VLI
dm 2 P g
2 2 2 3
dl, = E[Qy) + (2y) } = gy dm 2
dm = 4py* dz Ltz_l %J
dl. = Spytd (h—)“( 4)d
< T3Py s “\16mt )™ x
L="2 (“—4) / ' (h* — 41’z + 61°2% — 4hZ® + 7%)dz = b (i){hi‘ -2 + 2K — B+ 1}5’}
RN A 6 \n 5
_ pa*h
© 30
h
m = / 4p(h — z)2< 2)dz = 7/ (h* = 2hz + Pz
4h z
3 3 1 3
h2 W=k Sh
3
_ pa’h ! 1}
3 AN dz
Thus, 21:2% i =5
=M 2 S 1 T b4
I, 107 Ans. /}-
7
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*17-8. Determine the mass moment of inertia I, of the z
cone formed by revolving the shaded area around the z axis.
The density of the material is p. Express the result in terms z= r%(ro -)
of the mass m of the cone. |1

y
Differential Element: The mass of the disk element shown shaded in Fig. a is /
2
r() rU
dm = pdV = pmr’dz. Here,r =y =r, — Ez.Thus, dm = pm|r, — e dz.The * e

mass moment of inertia of this element about the z axis is

1 1 1 1 4
dl, = Edmrz = E(PWerZ)VZ = Epwr“dz = 2P7T<ro - ;;)Z> dz

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

h 2
rO
m=/dm=/pﬂ'<roz> dz
0 h
, h
_ . n _h _1 2
= pm 3(ru hz) < "o> = 3p7'rr0 h
0

Mass Moment of Inertia: Integrating d/,, we obtain

E < r>4
dl =/fp7'r r,— —z | dz
/z 0 2 h

h

_1 1 rn \(_h _ 1 4

TP 5(’” hz)< r0> T (&)
0

From the result of the mass, we obtain p7r,2h = 3m.Thus, I, can be written as

IZ

1 1 3
Iz = E(p’?ﬂ’ozh)l’oz = E(3m)r02 = ﬁmruz Ans.
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*17-9. Determine the mass moment of inertia /, of the z
solid formed by revolving the shaded area around the y
axis. The density of the material is p. Express the result in
terms of the mass m of the solid.

Differential Element: The mass of the disk element shown shaded in Fig. a is om

1 1 ,)? T
dm = pdV = pmr’dy. Here,r = 7 = Zyz.Thus,dm = pﬂ'(zyz) dy = %y4 dy.

The mass moment of inertia of this element about the y axis is

_1 51 g2 Lo a1 Lo e g
dIy—Edmr —E(pﬂ'rdy)r —Epn'rdy—apw o4 dy—ﬂydy

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

2m 5\ [2m
pT pm(y 2
= |dm = P2 4gy = 25| 2 i
" /m A 167 16(5)0 5P
Mass Moment of Inertia: Integrating d/,, we obtain
2m o
1, = / dl, = — ¥y
7 Y 0 572 x‘
_pm (NP _me
512\ 9 /o 9
. Sm .
From the result of the mass, we obtain mp = EE Thus, I, can be written as ( a)
1/5m 5
y = 6(7) = Em Ans.
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17-10. Determine the mass moment of inertia I, of the z
solid formed by revolving the shaded area around the y
axis. The density of the material is p. Express the result in
terms of the mass m of the semi-ellipsoid.

Differential Element: The mass of the disk element shown shaded in Fig. a is

y
2
v [y
dm = pdV = pmridy. Here,r = z = by|1 — . Thus,dm = pmr| by|1 — 5 | dz K‘//
a a

2
= pa-rb2<1 - y2>d y. The mass moment of inertia of this element about the y axis is
a

4

R SRS DA SN S S I oy Z
dIy—zdmr —Z(pﬂ'rdy)r —Zpﬂ'rdy—zpﬂ' by /1 2 dy

1 . y2 2 1 . y4 2y2
:zpﬂb<1az>dy:2pﬂ'b 1+E*? dy

Mass: The mass of the semi-ellipsoid can be determined by integrating dm. Thus,

a y2 y3 a
m = /dm = / pﬂ'b2<l - 2>dy = p7'rb2<y - 2) =
0 a 3a 0

Mass Moment of Inertia: Integrating d/,, we obtain

2
§p7nzb2

. 3m .
From the result of the mass, we obtain pwab® = EE Thus, I, can be written as

I, = i(P7Tabz)bz = i(iﬂ)bz = %mb2 Ans.

17-11. Determine the moment of inertia of the assembly

about an axis that is perpendicular to the page and passes ]
through the center of mass G. The material has a specific
weight of y = 90 Ib/ft>. i
_1f[(% 2 2 1{( ) 2 } 2
I = sz) 25) (1)}(2 57 = 5|55 )7@*0 (@ _—
+2[ (2% )mer02s) o - 1] (5% )r1r02s) oy o
2 \322 322 e

= 118 slug - ft? Ans.
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*17-12. Determine the moment of inertia of the assembly
about an axis that is perpendicular to the page and passes
through point O. The material has a specific weight of
y = 90 Ib/ft>,

I = %[(%)w@.sﬂl)}(w - %[ (%)wam)}(zf

+ %{(%)W(Z)Z(O.ZS)}(ZY - %{(%)7(1)2(025)}(1)2
= 117.72 slug - ft?

IO = IG + md2

90 2 _ 2 ( 90 ) 5 5
= (555 )72 = D)(025) + (5 |m(2.5* - 2.
" (32,2)”(2 7)(0:25) + (3,5 Jm(2:5* = 22)(1) = 26343 slug
Ip = 11772 + 26343(2.5)? = 282 slug - f¢* .

0.25 ft —{ |~—

1
— 1t —

¢17-13. If the large ring, small ring and each of the spokes
weigh 100 1b, 15 1b, and 20 b, respectively, determine the
mass moment of inertia of the wheel about an axis
perpendicular to the page and passing through point A.

Composite Parts: The wheel can be subdivided into the segments shown in Fig. a.
The spokes which have a length of (4 — 1) = 3 ft and a center of mass located at a

3
distance of (1 + 5) ft = 2.5 ft from point O can be grouped as segment (2).

Mass Moment of Inertia: First, we will compute the mass moment of inertia of the
wheel about an axis perpendicular to the page and passing through point O.

Ip = (%)(42) + 8{%(%)(32) + (%)(z.sz)} + (%)(12)
= 84.94 slug - ft?

The mass moment of inertia of the wheel about an axis perpendicular to the page
and passing through point A can be found using the parallel-axis theorem

100 20 15
= Ip + md* =~ +8 =)+ -=8 = 4ft.
1, = Iy + md*, where m 32 8(32'2) 2 8.5404 slug and d = 4 ft
Thus,
I, = 84.94 + 8.5404(4%) = 221.58 slug - ft> = 222 slug - ft? Ans.

41t
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17-14. The pendulum consists of the 3-kg slender rod and

the 5-kg thin plate. Determine the location y of the center ISIO

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.

<

_ Zym 1(3) + 2.25(5)
y= = =1781m = 1.78 m Ans.
=m 3+5 G

I

ETG + mdz 0

.

e 1m—=

= 3 P 30781~ F + 5 (YO + ) + 5025 - 1781

4.45 kg - m? Ans.

17-15. Each of the three slender rods has a mass m.
Determine the moment of inertia of the assembly about an
axis that is perpendicular to the page and passes through
the center point O.

1 asin 60° \? 1
1, =3 —ma® + m| ————— = “ma? Ans.
o 3[12 a ( 3 >} 2 a ns

*17-16. The pendulum consists of a plate having a weight
of 121b and a slender rod having a weight of 4 Ib. Determine
the radius of gyration of the pendulum about an axis
perpendicular to the page and passing through point O. Ll N ‘

1

Q

—_
=
o

‘\./

r

IO = EIG + md2

1/ 4 5 4 5 1( 12 ) I < 12 ) 5
=—\|= + {555 )05 + —| 55 + 19+ (= )3

12 <32.2)(5) <32.2>(05) 12\322)T T+ {55, )39
= 4.917 slug - ft?

4 12
m (32.2> <32.2> 0.4969 slug

I, [4917
ko= 2= [l 3154 Ans.
= \'m =\ 0.4969 ns

steel assembly about the x axis. Steel has a specific weight of
v = 490 Ib/ft3.

¢17-17. Determine the moment of inertia of the solid 0.25 ft l

1 ) 3 ) 3 ) \ 2 ft i 3ft \
= =my (0.5 + —=m, (0.5 — —m; (0.
I, 5 m (0.5) 0™ (0.5) 0™ (0.25)

= [ m0570057 + 55 (3 )07 @037 - (3 Jroasreroasy|(53)

= 5.64 slug - ft? Ans.
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17-18. Determine the moment of inertia of the center 05i Lin, .
) o . T . m,ﬂ ’-——‘ ﬁO.S in.
crank about the x axis. The material is steel having a specific | |

weight of y,, = 490 Ib/ft’. | |l
f S
0.5 in.
490 [ (0.25)2(1))
my = ( 12y = 0.0017291 slug 4in
0.5 in. (fLm
490 [ (6)(1)(0.5
m,=-—— (L’ﬁ)) = 0.02642 slug | —
322\ (12) T _jT .
1 ﬁ"‘ ‘1 in.
I, =2 E(0.02642)((1)2 +(6)?) + (0.02642)(2)
1 1
+ 2{5(0.0017291)(0.25)2} + (0.0017291)(0.25)* + (0.0017291)(4)2}
= 0.402 slug - in? Ans.
17-19. Determine the moment of inertia of the overhung 20mm  — .
crank about the x axis. The material is steel for which the 30 mm
density is p = 7.85 Mg/m>. 90 mm B
50 mm
m. = 7.85(10%)((0.05)7(0.01)?) = 0.1233 kg x 180 mm
20 mm
m, = 7.85(10%)((0.03)(0.180)(0.02)) = 0.8478 kg J—| ~
ﬁ_l * N
30 Enm
. |
I, = 2[5 (0.1233)(0.01)* + (0.1233)(0.06)2} 20 mm—] Fm 30 mm\<——\
1 2 2
+ {5(0.8478)((0.03) + (0.180) )}
= 0.00325 kg-m? = 325 g-m> Ans.
*17-20. Determine the moment of inertia of the overhung 20mm  —— p
crank about the x’ axis. The material is steel for which the 30 mm
density is p = 7.85 Mg/m°. 90 mm O
‘ 50 mm
m, = 7.85(10%)((0.05)7(0.01)?) = 0.1233 kg x 180 mm
20 mm
m,, = 7.85(10%)((0.03)(0.180)(0.02)) = 0.8478 kg - N ~
ﬁ_| N
inm
1 ][t z z s ]
I = |5 (0.1233)(0.01) | + | 5 (0.1233)(0.02)* + (0.1233)(0.120) 20mm—  Fsr— 30 mm
1
+ {E (0.8478)((0.03)> + (0.180)%) + (0.8478)(0.06)2}
= 0.00719 kg m? = 7.19 g- m? Ans.
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¢17-21. Determine the mass moment of inertia of the
pendulum about an axis perpendicular to the page and xg(

passing through point O.The slender rod has a mass of 10 kg O]
and the sphere has a mass of 15 kg.

450

Composite Parts: The pendulum can be subdivided into two segments as shown in
Fig. a. The perpendicular distances measured from the center of mass of each
segment to the point O are also indicated.

Moment of Inertia: The moment of inertia of the slender rod segment (1) and the
sphere segment (2) about the axis passing through their center of mass can be

mm

computed from (I5); = D) ml? and (I), = = mr?. The mass moment of inertia of . 0
each segment about an axis passing through point O can be determined using the
parallel-axis theorem. Qi 0-225mM

- 2 .

Ip = 21 + md 0-45m \_G 0-56m
1 2 !
= E<10)(0'452) + 10(0.2252)} + [5(15)(0.12) + 15(0.55%)
= 527 kg-m? Ans. x 1
@ (42 -

0-lm
)
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17-22. 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?.

Composite Parts: The plate can be subdivided into the segments shown in Fig. a. \
Here, the four similar holes of which the perpendicular distances measured from /
their centers of mass to point C are the same and can be grouped as segment (2).

. . ’ 150 mm 150 mm

This segment should be considered as a negative part.
Mass Moment of Inertia: The mass of segments (1) and (2) are m;=
(0.4)(0.4)(20) = 3.2 kg and m, = m(0.05%)(20) = 0.057 kg, respectively. The mass
moment of inertia of the plate about an axis perpendicular to the page and passing
through point C is

1 2 2 1 2 2

Ic = ) (32)(0.4° + 0.4°) — 4 ) (0.057)(0.05%) + 0.057(0.15%)
= 0.07041 kg - m?

The mass moment of inertia of the wheel about an axis perpendicular to the
page and passing through point O can be determined using the parallel-axis
theorem I, = I + md? where m = my — m, = 3.2 — 4(0.057) = 2.5717 kg and
d = 0.4 sin 45°m. Thus,

I = 0.07041 + 2.5717(0.4 sin 45°)? = 0.276 kg - m? Ans.

0.45in45m
005Mm + K—
0-15m
¥ _ + 5
N )( N 0-15m
O
ro 15m | 0-15m

@)
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17-23. 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?.

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; = m(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.

Ip = S1g + md?
= %(0.877)(0.22) + 0.877(0.22)} - {% (0.8)(0.2% + 0.2%) + 0.8(0.22)}

= 0.113 kg - m? Ans.

OAm olm

@)

653




© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

*17-24. 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 force in each of the links
AB, CD, EF, and GH when the system is lifted with an
acceleration of a = 2 m/s” for a short period of time.

Canister:

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

Tag=Tep =T = 23.6kN Ans.

System:

+13F, = m(ag),; 2T’ cos 30° — 4050(9.81) = 4050(2)

TEF = TGH =T" =276 kN Ans.

30° Ng=30°
T T o ¢ ¥s)

Q=2 mfs* a=2mis*|| 50(7.8)N

-4(10°)(981)N ~400%(9.81)N
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¢17-25. 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.

Canister:
+13F, = m(ag),:  2(30)(10%) — 4(10%)(9.81) = 4(10°)a
a =519 m/s’

System:

+13F, = m(ag),;  2[34(10%) cos 30°] — 4050(9.81) = 4050a

a = 4.73 m/s?

Thus,

Ay = 473 m/s?

3000ON  30(0ON

S

~400°) (98N

Ans.

N

Ia
30°¢§30°

03m' 04m '03m

24(/10)N

30" 30°
G

50(9.81)N

~4010°)(98/)N
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17-26. The dragster has a mass of 1200 kg and a center of
mass at G. If a braking parachute is attached at C and
provides a horizontal braking force of F = (1.6v?) N,
where v is in meters per second, determine the critical speed
the dragster can have upon releasing the parachute, such
that the wheels at B are on the verge of leaving the ground;
i.e., the normal reaction at B is zero. If such a condition
occurs, determine the dragster’s initial deceleration. Neglect
the mass of the wheels and assume the engine is disengaged
so that the wheels are free to roll.

If the front wheels are on the verge of lifting off the ground, then Nz = 0.

CH+IMy = S(My)a:  1.6v2(1.1) — 1200(9.81)(1.25) = 1200a(0.35)

5 3F, = m(ag)s; 1.6v* = 1200ag,

Solving Egs. (1) and (2) yields

ag = 1635m/s> v = 111m/s

@
(2)

Ans.

C 0.75m 035m
A‘ é f ‘B
‘ 32m |
1.25m

]
NA ! N3=0
1200 45
TR
A B8
0:-35m

17-27. When the lifting mechanism is operating, the 400-1b
load is given an upward acceleration of 5 ft/s?. Determine
the compressive force the load creates in each of the
columns, AB and CD. What is the compressive force in each
of these columns if the load is moving upward at a constant
velocity of 3 ft/s? Assume the columns only support an
axial load.

Equations of Motion: Applying Eq. 17-12 to FBD(a), we have

400
+T2Fy = m(aG)y; F — 400 = (%)(d(;)y

Equation of Equilibrium: Due to symmetry Fop = F,. From FBD(b).
+12F, =0 2F,g — F =0
If (ag)y = 5 ft/s%, from Eq. (1), F = 462.11 Ib. Substitute into Eq. (2) yields

FAB = FCD =2311b

@

(2

Ans.

If the load travels with a constant speed, (ag), = 0. From Eq. (1), F = 400 Ib.

Substitute into Eq. (2) yields

FAB = FCD = 200 1b

Ans.

T(Oc)}
4001
(2
= e ]
=)
(1oft r 101+
/';g 55

656




© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

*17-28. The jet aircraft has a mass of 22 Mg and a center
of mass at G. If a towing cable is attached to the upper 0.4 m
portion of the nose wheel and exerts a force of 7 = 400 N
as shown, determine the acceleration of the plane and the
normal reactions on the nose wheel and each of the two P —
wing wheels located at B. Neglect the lifting force of the

wings and the mass of the wheels.

< 2F, = mlag); 400 cos 30° = 22(10%) ag

coooooe0o®
G

30°

i
T=400N | 08m

ag = 0.01575 m/s? = 0.0157 m/s> Ans.

C+IM, = S(Mp)a:  400cos30° (0.8) + 2N (9) — 22(10%) (9.81)(6)

= 22(10%)(0.01575)(1.2)

Np = 71947770 N = 71.9 kN Ans.

+13F, = m(ag),:  Nu + 2(71947.70) — 22(10°)(9.81) — 400 sin 30° = 0

Ny =7212460N = 72.1 kN Ans.

22009981 N

pcocg

am
;af]e

22G0% 4,
e

C®

cocooorg

A 12 m

>

A

L7
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©17-29. 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 3m/s?, determine the reactions on each of the four
wheels. The loading is symmetric. Neglect the mass of the
movable arm CD.

1 0.75 m 0.5 m—
C+IMp=3S(Mp)p; 70(9.81)(0.5) + 120(9.81)(0.7) — 2N 4(1.25)

= —120(3)(0.7)

N, = 567776 N = 568 N Ans.

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

Ny = 544N Ans.

120(3) 7 mfs*

I |
o )
0-/m
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17-30. 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.

1 0.75 m 0.5m
Assume N4 = 600 N.

CH+3My = S(Mp)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) + 2N — 120(9.81) — 70(9.81) = 120(3.960)
Ny = 570N < 600N OK

Thus a = 3.96 m/s? Ans.
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17-31. 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 w;, = 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 B ‘%1 m ! 25m 1
mass of the wheels and assume that the front wheels are
free to roll.
If the front wheels A lift off the ground, then N4 = 0. 1500(361) N
C+IMp = S(My)p; —1500(9.81)(1) = —1500a4(0.25)
2D
ag = 39.24 m/s? F &) I S
/m | Z25m
B SF = m(ag)y; Fy = 1500(39.24) = 58860 N N Ny=0

+13F, = m(ag),; Ny — 150009.81) =0 N = 14715N

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

*17-32. 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.

C+3My = S(My)p: 2N, (3.5) — 15009.81)(1) = —1500(6)(0.25) (S00(38) N

N, =1780.71 N = 1.78 kN Ans.

+1SF, = m(ag),; 2Ng + 2(1780.71) — 1500(9.81) = 0

Nj = 5576.79 N = 5.58 kN Ans.
5 3SF, = m(ag)y 2 Fy = 1500(6) I ©
1500
Fp = 4500N = 4.50 kN Ans. :
fo S
5 [

025 m
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¢17-33. At the start of a race, the rear drive wheels B of
the 1550-1b car slip on the track. Determine the car’s
acceleration and the normal reaction the track exerts on the

front pair of wheels A and rear pair of wheels B. The
coefficient of kinetic friction is w; = 0.7, and the mass
center of the car is at G. The front wheels are free to roll.
Neglect the mass of all the wheels.

Equations of Motion: Since the rear wheels B are required to slip, the frictional
force developed is Fg = u,Np = 0.7Np.

1550

E3F, = m(ag), ; 07Ns = 3 —a @
+12F, = m(ag),; Na+ Nz — 1550 =0 ?)
C+ZMg = 0, Np(4.75) — 0.7Np(0.75) — N4(6) =0 3)
Solving Egs. (1), (2), and (3) yields

N, = 640.46 1b = 640 1b Np = 909.541b = 910 1b a =132 ft/s’ Ans.

| i
——6ft ———4.751t

a
h

X 550 Ib

17-34. Determine the maximum acceleration that can be
achieved by the car without having the front wheels A leave

the track or the rear drive wheels B slip on the track. The
coefficient of static friction is w;, = 0.9.The car’s mass center
is at G, and the front wheels are free to roll. Neglect the
mass of all the wheels.

Equations of Motion:

1550
ESF, = m(ag),; B= 3550 @
+13F, = m(ag),; Ny + Np— 1550 =0 ?)
C+EMg = 0; Ny(4.75) — Fy(0.75) — N4(6) = 0 3)

If we assume that the front wheels are about to leave the track, Ny = 0. Substituting
this value into Egs. (2) and (3) and solving Egs. (1), (2), (3),

Np = 15501b Fg = 9816.67 1b a = 203.93 ft/s’

Since Fp > (Fg)max = #sNg = 0.9(1550) Ib = 1395 1b, the rear wheels will slip.
Thus, the solution must be reworked so that the rear wheels are about to slip.

FB = /J’xNB = 09NB (4)
Solving Egs. (1), (2), (3), and (4) yields

Ny = 626921b Np = 923.08 Ib

a = 1726 ft/s*> = 17.3 ft/s’ Ans.

i
~—4.75 ft

1550 Ib
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17-35. The sports car has a mass of 1.5 Mg and a center of
mass at G. Determine the shortest time it takes for it to
reach a speed of 80 km/h, starting from rest, if the engine
only drives the rear wheels, whereas the front wheels are
free rolling. The coefficient of static friction between the
wheels and the road is u, = 0.2. Neglect the mass of the
wheels for the calculation. If driving power could be
supplied to all four wheels, what would be the shortest time
for the car to reach a speed of 80 km/h?

& SF, = m(ag),; 02N, + 02Ny = 1500ag 60
+13F, = m(ag)y;  Na + Np — 1500(9.81) = 0 )
C+3ZMg=0; —N,(1.25) + Ng(0.75) — (02N, + 0.2Ng)(0.35) = 0 3)
For Rear-Wheel Drive:

Set the friction force 0.2N, = 0 in Egs. (1) and (3).
Solving yields:
N4=518kN >0 (OK) Np =953kN ag = 1.271m/s?

Since v = 80 km/h = 22.22 m/s, then

(d'—) VvV =y + agt

2222 =0+ 1.271¢
t=175s Ans.
For 4-Wheel Drive:
N,=500kN >0 (OK) Np =9.71kN ag = 1.962m/s?
Since v, = 80 km/h = 22.22 m/s, then
Vv, = vy + agt
2222 = 0 + 1.962¢

t=113s Ans.

1500(9-81)N
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*17-36. The forklift travels forward with a constant speed
of 9ft/s. Determine the shortest stopping distance without
causing any of the wheels to leave the ground. The forklift
has a weight of 2000 1b with center of gravity at Gy, and the
load weighs 900 Ib with center of gravity at G,. Neglect the T\
weight of the wheels.

3.25ft

1B

3.5 ft —
1.51ft

—4.25 ft—
Equations of Motion: Since it is required that the rear wheels are about to leave the

ground, N4 = 0. Applying the moment equation of motion of about point B,

CH+SMy = (My)y;  2000(3.5) — 900(4.25) = (%a)@) + (392% a)(3.25)

a = 14.76 ft/s* «
Kinematics: Since the acceleration of the forklift is constant,
(—'t>) v2 =3 + 2a.(s — s;)
0 =9+ 2(—14.76)(s — 0)

s = 2743 ft = 2.74 ft Ans.

20001b 2024

| K 358 | 4258 21t
N0 15t Ne @)
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©17-37. 1If the forklift’s rear wheels supply a combined
traction force of F, = 300 Ib, determine its acceleration

and the normal reactions on the pairs of rear wheels and front
wheels. The forklift has a weight of 2000 b, with center of -
gravity at G, and the load weighs 900 1b, with center of gravity '\ =0, I
at G,. The front wheels are free to roll. Neglect the weight of G 305 ft
the wheels. 5 M D |
o7t o
3.5 ft ——4.25 ft—
1.5ft
Equations of Motion: The acceleration of the forklift can be obtained directly by
writing the force equation of motion along the x axis.
2000 900
-5 = : =———a+ =
2F, m(aG)x > 300 322 a o) a
a = 3.331ft/s? Ans.
Using this result and writing the moment equation of motion about point A,
2000 900
CH+HIM, = (M) 4 Nz (5) — 2000(1.5) — 900(9.25) = —<322>(3.331)(2) - <322>(3.331)(3.25)
Np =2121.721b = 2122 1b Ans.

Finally, writing the force equation of motion along the y axis and using this result,
+T2Fy = m(ag),; Na + 2121.72 — 2000 — 900 = 0

Ny =T778281b = 778 1b Ans.

2000 b

| &m[4uwr
Na 154t Ne @)
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17-38. Each uniform box on the stack of four boxes has a
weight of 8 Ib. The stack is being transported on the dolly,
which has a weight of 30 1b. Determine the maximum force F
which the woman can exert on the handle in the direction
shown so that no box on the stack will tip or slip. The
coefficient of the static friction at all points of contact is
s = 0.5.The dolly wheels are free to roll. Neglect their mass.

Assume that the boxes up, then x = 1 ft. Applying Eq. 17-12 to FBD(a). we have

32
C+IM, = 3(MY),, —3201) = —Ka)ac}o) ag = 10.73 ft/s?
+12F, = m(ag),; N,—-32=0 N,=3201Ib
N 32
5 3SF, = m(ag), ; Fr=\%, (10.73) = 10.67 Ib

Since Fy < (Ff)max = ps Na = 0.5(32.0) = 16.0 Ib. slipping will not occur. Hence,
the boxes and the dolly moves as a unit. From FBD(b),

32 + 30
SZT)(10.73)

F=2391b Ans.

BLIF, = m(ag)y; F cos 30° = (

4(6\3)=3?« b
] = ?—Z—Z;_a;
34t
A L
/’;c A
Ny X=Ift
@)
22
200 Q=073 Ftfs>
h
£
T? G
Na (b) Ne

17-39. The forklift and operator have a combined weight of
10000 Ib and center of mass at G. If the forklift is used to lift
the 2000-1b concrete pipe, determine the maximum vertical
acceleration it can give to the pipe so that it does not tip
forward on its front wheels.

It is required that Nz = 0.

2
CH+IMy = S(Myp)s:  2000(5) — 10000(4) = {(%)4(5)
a = 96.6 ft/s? Ans.
2000 Ib
\/_ 10000 1b ( 23/292(3 o

=]

() —

©
sfc | 4kt T efr | &
Na Ng=0 5ft
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*17-40. The forklift and operator have a combined weight
of 10 000 Ib and center of mass at G. If the forklift is used
to lift the 2000-Ib concrete pipe, determine the normal
reactions on each of its four wheels if the pipe is given an
upward acceleration of 4 ft/s.

C+SMy = S(My)a;  2000(5) + 2N (10) — 10000(4)

2000
=—|| 575 |4
(53)@lo
Np = 1437.891b = 1.44 kip Ans.
2000
+T2Fy = m(ag),; 2N 4 + 2(1437.89) — 2000 — 10000 = 300 4)

N, = 4686.341b = 4.69 kip Ans.
zoootb [ 2000
g( 10,000 Ib (32.5 )(4)

)]
h 4 N _ :

TSR TR T e |

ZNA Z,NB ‘ 5f{

5 ft—r

4 ft———6 ft——

*17-41. The car, having a mass of 1.40 Mg and mass center
at G, pulls a loaded trailer having a mass of 0.8 Mg and
mass center at G,. Determine the normal reactions on both
the car’s front and rear wheels and the trailer’s wheels if the
driver applies the car’s rear brakes C and causes the car to
skid. Take wc = 0.4 and assume the hitch at A is a pin or
ball-and-socket joint. The wheels at B and D are free to roll.
Neglect their mass and the mass of the driver.

Equations of Motion: Since the car skids, then Fy = uc No = 0.4Nc. Applying
Eq.17-12 to FBD(a), we have

C+SMy=S(MY),:  1400(9.81)(3.5) + 0.4N. (0.4) — Ny (4.5)

—N¢ (1.5) = —1400a(0.35) §))
+12F, = m(ag), ; Ngp + Nc — 1400(9.81) — A, =0 Q)
B IF, = m(ag), 0.4Ne — A, = 1400a 3
From FBD(b),
CH+IMy = 3(My)s;  Np(2) — 800(9.81)(2) = —800a(0.85) @
+13F, = m(ag),; Np + A, — 800(9.81) = 0 )
5 3F, = m(ag)y Ay = 800a ©)

Solving Egs. (1), (2), (3), (4), (5), and (6) yields

Np = 939695 N = 9.40 kN Nc = 4622.83 N = 4.62kN Ans.

Np = 756223 N = 7.56 kN Ans.

a = 0.8405 m/s’ A, =67241N A, =285.7TN

)
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17-42. 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 w, = 0.5.

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

C+IMy = S(My),:  509.81) 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° ?2)
NT2EFe = m(ag)y s 50(9.81) sin 15° — 0.5N = —50a cos 15° 3)

Solving Egs. (1), (2), and (3) yields

N =44781N  x =0250m
a = 2.01 m/s’ Ans.

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

17-43. Arm BDE of the industrial robot is activated by
applying the torque of M = 50 N-m to link CD. Determine
the reactions at pins B and D when the links are in the
position shown and have an angular velocity of 2 rad/s. Arm
BDE has a mass of 10 kg with center of mass at G;. The
container held in its grip at £ has a mass of 12 kg with center
of mass at G,. Neglect the mass of links AB and CD.

Curvilinear translation:

(ap)y = (ag), = (2)%(0.6) = 2.4 m/s’

Member DC:
C+2ZM. = 0; -D,(06) +50=0
D, =8333N = 833N Ans.
Member BDE: ©
Y
C+ZMp = S(My)p; —Fg 4 (0.220) + 10(9.81)(0.365) + 12(9.81)(1.10) »
X
= 10(2.4)(0.365) + 12(2.4)(1.10)
0.bm
Fpy = 56754 N = 568 N Ans.
SO Nuna
+13F, = m(ag),;  —567.54 + D, — 10(9.81) — 12(9.81) = —10(2.4) — 12(2.4) 9 fC
c
D, = 731N Ans. 1
0,220m™
10 (4.90N L9
1% 06 12(:
= > a‘){'
ey
1 re(z.4)
Fra v,l-lo'« ! 2(9.51)N 0.2 Sam, (2.4
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*17-44. The handcart has a mass of 200 kg and center of P
mass at G. Determine the normal reactions at each of the two e
wheels at A and at B if a force of P = 50 N is applied to the I
handle. Neglect the mass of the wheels.
0.5m
S —
& SF, = m(ag),;  50cos 60° = 200a 02m
* * ) )
+1 2F, = m(ag)y; N, + N — 200(9.81) — 50sin 60° = 0 ‘Ho.s m—02 m.‘% 04m—
C+ZMg = 0; —N4(0.3) + Np(0.2) + 50 cos 60°(0.3) — 50 sin 60°(0.6) = 0 50N
aG =0.125m/s> N, =7652N  Ny=1240N a 200(9.81)N oo°
At each wheel, 0.3m
N,
Ny = 7A = 383N Ans. q
Ny =~ 60N A
BT 5 T ns. I‘o'_,)m o-zmT 0-4m
NA Nb
©17-45. The handcart has a mass of 200 kg and center of P
mass at G. Determine the largest magnitude of force P that -
can be applied to the handle so that the wheels at A or B v
continue to maintain contact with the ground. Neglect the
mass of the wheels.
0.5m

& 3F, = m(ag),; P cos60° = 200ag

+T2Fy = m(ag)y; Ny + Np —200(9.81) — Psin60° = 0
C+2IM; = 0;
For P, require
Ny=0
P = 1998 N = 2.00 kN
Np = 3692 N

ag = 4.99 m/s?

—N,4 (0.3) + N3 (02) + P cos 60°(0.3) — P sin 60°(0.6) = 0

Ans.

Y 1Y)

‘P 03m—~0.2 m*‘% 0.4m—

20009.8/)N

NA NB
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17-46. The jet aircraft is propelled by four engines to
increase its speed uniformly from rest to 100 m/s in a distance
of 500 m. Determine the thrust T developed by each engine as
and the normal reaction on the nose wheel A. The aircraft’s

total mass is 150 Mg and the mass center is at point G. 7\
Neglect air and rolling resistance and the effect of lift. ‘

Kinematics: The acceleration of the aircraft can be determined from

v2 = vy? + 2a.(s — )

1007 = 0% + 2a(500 — 0)

a = 10 m/s?
Equations of Motion: The thrust T can be determined directly by writing the force
equation of motion along the x axis.
EIF, = mlag),; 4T = 150(10°)(10)

T = 375(10°)N = 375 kN Ans.

Writing the moment equation of equilibrium about point B and using the result of T,
C+3IMp = (Mp)p  150(10°)(9.81)(7.5) + 2{375(103)}(5) + 2{375(103)}(4)

— N 4(37.5) = 150(10%)(10)(9)

N, = 1143(10°)N = 114 kN Ans.

3
150 (10)(%81) /\) 15000 (10) 7'”’/"'/

e

2T
A Z ' )
7. 4m-5n, gm
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17-47. The 1-Mg forklift is used to raise the 750-kg crate
with a constant acceleration of 2m/s?. Determine the
reaction exerted by the ground on the pairs of wheels at A
and at B. The centers of mass for the forklift and the crate
are located at G| and G,, respectively.

Equations of Motion: Nz can be obtained directly by writing the moment equation

of motion about point A.

C+EZMy, = (My)4; Np(1.4) + 750(9.81)(0.9) — 1000(9.81)(1) = —750(2)(0.9)
N = 1313.03 N = 1.31 kN Ans.

Using this result to write the force equation of motion along the y axis,

+13F, = m(ag),; Ny + 1313.03 — 750(9.81) — 1000(9.81) = 750(2)
N, = 1735446 N = 17.4kN Ans.

1000(9-81)N

0.5m

W?\T\

—09m-—F——1m—

*17-48. Determine the greatest acceleration with which the
1-Mg forklift can raise the 750-kg crate, without causing
the wheels at B to leave the ground. The centers of mass for
the forklift and the crate are located at G; and G, respectively.

Equations of Motion: Since the wheels at B are required to just lose contact with the
ground, Ng = 0. The direct solution for a can be obtained by writing the moment
equation of motion about point A.

CH+SMy=(M)a;  750(9.81)(0.9) — 1000(9.81)(1) = —750a(0.9)
a = 472 m/s’ Ans.

1000(9.81)N

750(98)N 7200

= N
ANl @

7T T lggo

N ,
o (ay

wﬁ?m\

F—09m-—F——1m—
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*17-49. The snowmobile has a weight of 250 Ib, centered at
G, while the rider has a weight of 150 Ib, centered at G,. If the
acceleration is @ = 20 ft/s?, determine the maximum height A
of G, of the rider so that the snowmobile’s front skid does not
lift off the ground. Also, what are the traction (horizontal)
force and normal reaction under the rear tracks at A?

Equations of Motion: Since the front skid is required to be on the verge of lift off,
Np = 0. Writing the moment equation about point A and referring to Fig. a,

150 250
C+HIM, = (M),;  250(1.5) + 150(0.3) = ———(20)(hmax) + o= (20)(1)
322 322
hpax = 3.163 ft = 3.16 ft Ans.
Writing the force equations of motion along the x and y axes,
150 250
(j—_EFx:m(aG)x; FAZE(ZO) +3272(20)
F, = 248.451b = 248 1b Ans.
+12F, = m(ag)y; Na— 250 — 150 = 0
N4 =4001b Ans.
150 2
1501b 23 @)slydt
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17-50. The snowmobile has a weight of 250 b, centered at
G, while the rider has a weight of 150 b, centered at G,. If
h = 3 ft, determine the snowmobile’s maximum permissible
acceleration a so that its front skid does not lift off the
ground. Also, find the traction (horizontal) force and the
normal reaction under the rear tracks at A.

Equations of Motion: Since the front skid is required to be on the verge of lift off,
Np = 0. Writing the moment equation about point A and referring to Fig. a,

CH+HIM, = (M) 4 250(1.5) + 150(0.5) = (;2% amax)(S) + (% amax)(l)

Ay = 20.7 ft/s? Ans.
Writing the force equations of motion along the x and y axes and using this result,
we have
150 250
ESF = m(ag),; Fa= 325 207 + 35 (207)
F, =257141b = 257 1b Ans.

+13F, = m(ag)y; Na— 150 — 250 = 0

N4 =4001b Ans.
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17-51. '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.

Equations of Motion: Writing the force equation of motion along the x axis,
5 3F, = m(ag),; 600 = 150a a=4m/s>— Ans.
Using this result to write the moment equation about point A,
CHIMy = (M)a; 150(9.81)(1.25) — 600(0.5) — Np(2) = —150(4)(1.25)

Np = 1144.69N = 1.14 kN Ans.
Using this result to write the force equation of motion along the y axis,

+13SF, = m(ag),; Ni+ 114469 — 150(9.81) = 150(0)

N, = 32681 N = 327N Ans.
150(4-8)N
150a
| [ 1
R[N _[ETm
o P=§ooAI o o
© Tosm OO
foz;m 1:25m I fsm
Ny Na
(@)
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*17-52. The 50-kg uniform crate rests on the platform for
which the coefficient of static friction is w, = 0.5. If the
supporting links have an angular velocity w = 1 rad/s,
determine the greatest angular acceleration « they can have
so that the crate does not slip or tip at the instant § = 30°.

h:d ks
9,
o= 1rad/s 4‘
e /g
%

4 m

(e
Curvilinear Translation:
(ag), = (1)°(4) = 4m/s?
(a) = a(4) m/s®
BIF, = m(ag)y; Fc = 50(4) sin 30° + 50(a)(4) cos30°
+T2Fy = m(ag)y; N¢ — 50(9.81) = 50(4) cos 30° — 50(«)(4) sin30°
C+3Mg = 2(Mi)g;  Ne(x) — Fe(0.75) = 0
Assume crate is about to slip. Fr = 0.5N¢
Thus,
x=0375m > 025m

Crate must tip. Set x = 0.25 m.

Nc = 605N Fc=202N

a = 0.587 rad/s? Ans,
Note: (Fc)max = 0.5(605) = 303N > 202N O.K.

4
| 50981)N 50(4)

30

N/ 30°
| L* 50[(4)]

075M

=
=
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¢17-53. 'The 50-kg uniform crate rests on the platform for
which the coefficient of static friction is u, = 0.5. If at the
instant & = 30° the supporting links have an angular velocity
o =1 rad/s and angular acceleration « = 0.5rad/s?
determine the frictional force on the crate.

h:d

v v v
o )
w=1rad/s 4‘ A‘
@ /0 0
v

4 m

(@
Curvilinear Translation:
(ag), = (1)’(4) = 4m/s®
(ag), = 0.5(4) m/s* = 2 m/s’
BISF, = m(ag), ; Fc = 50(4) sin 30° + 50(2) cos 30°
+T2Fy = m(ag)y; Nc — 50(9.81) = 50(4) cos 30° — 50(2) sin 30°
Solving,
Nc = 6137N
(Fc)max = 0.5(613.7) = 3069 N > 186.6 N OK
613.7(x) — 186.6(0.75) = 0
x=0228m < 0.25m OK
Thus, Fr = 187N Ans.

| 50d8N },« B0

0J5m 50(2)

on

=

Ne

675




© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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. If the hydraulic cylinder BE exerts a vertical force
of F =15kN on the platform, determine the force
developed in links AB and CD at the instant § = 90°. The
platform is at rest when 6 = 45°. Neglect the mass of the
links and the platform. The 200-kg crate does not slip on
the platform.

Equations of Motion: The free-body diagram of the crate and platform at the general
position is shown in Fig. a. Here, (ag), = ar = «(3) and (ag), = o’r = w*(3), where
o and « are the angular velocity and acceleration of the links. Writing the force
equation of motion along the ¢ axis by referring to Fig. a, we have
+73F, = m(ag), ; 200(9.81) sin & — 1500 sin § = 200[a(3)|

a = 0.77sin 0

Kinematics: Using this result, the angular velocity of the links can be obtained by

integrating
/ wdow = / adf
w 6
/ wdow = / 0.77 sin 6 d6
0 45°

o = V1.54(0.7071 — cos 6)

When 6 = 90°,w = 1.044 rad/s. Referring to the free-body diagram of the crate and
platform when 0 = 90°, Fig. b,

B SF, = m(ag),; Fap — Fep = 200[1.0442(3) | )
C+EIMg = 0; 1500(2) — Fap(2) = Fep(1) =0 2)
Solving Egs. (1) and (2) yields

Fup = 1217.79N = 1.22kN Fep = 564.42 N = 564N Ans.

-

=1500
/{;ﬁf‘% @)Jd )<
(&)t n

—fe

E
F ™S
3m
B \
B
E— A
1m176 = °D 3m
2m —~ g
C

/500 N

200(380N. - 2004-80N
\f Be |3M
A8 4.
G _ G TR _J
9 |
@) )
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17-55. A uniform plate has a weight of 50 Ib. Link AB is
subjected to a couple moment of M = 101b-ft and has a
clockwise angular velocity of 2rad/s at the instant § = 30°.
Determine the force developed in link CD and the tangential
component of the acceleration of the plate’s mass center at
this instant. Neglect the mass of links AB and CD.

Equations of Motion: Since the plate undergoes the cantilever translation,
(ag), = (22)(1.5) = 6 ft/s%. Referring to the free-body diagram of the plate shown
in Fig. a,

50
ZF, = m(ag),; —Fcp — Bycos30° — B, sin30° + 50 sin 30° = (E)(@ @

50
SF, = m(ag);;  B,sin30° — B, cos 30° + 50 cos 30° = 2 (ag), ?)

C+3Mg=0;  By(1) — B,(05) — Fepcos30°(1) — Fepsin30°(05) =0 (3)

Since the mass of link AB can be neglected, we can apply the moment equation of
equilibrium to link AB. Referring to its free-body diagram, Fig. b,

C+3IM, = 0; B,(155in30°) — B,(1.5 cos 30°) — 10 = 0 @)

Solving Egs. (1) through (4) yields

B, =89751b B, = —2.5161b
Fep=9.1691b = 9.171b Ans.
(ag), = 32.18 ft/s? = 32.2 ft/s? Ans.

lﬁﬁ_fﬁ
30}' o soi|

@)n o

It
G

’

h + [t
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*17-56. The four fan blades have a total mass of 2 kg and
moment of inertia I, = 0.18 kg+m? about an axis passing
through the fan’s center O. If the fan is subjected to a moment
of M = 3(1 — ¢”%%) N -m, where ¢ is in seconds, determine
its angular velocity when ¢ = 4 s starting from rest.

C+3Mo = Ioe;  3(1 — e %) = 0.18a
a=1667(1 — ¢ %) N 298N

adt /‘V M= 3( l_e-O'Z'() N-m
/O 416.67(1 — e %) dt O

QU
e
Il

/dw
0

1 0.2 !
=16.67 |t + —e ¥
w = 16.67 {t 02° }

0
w = 20.8 rad/s Ans. 07

¢17-57. Cable is unwound from a spool supported on
small rollers at A and B by exerting a force of 7 = 300 N
on the cable in the direction shown. 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 centroidal
radius of gyration of kp = 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.

Equations of Motion: The mass moment of inertia of the spool about point O is
given by I, = mk? = 600(1.22) = 864 kg - m?. Applying Eq. 17-16, we have

C+3ZMy=1Ipa;  —30000.8) = —864a  a = 0.2778 rad/s>

Kinematics: Here, the angular displacement 6 = ; =08 6.25 rad. Applying

. 1
equation @ = 6y + wyt + Eatz’ we have

(&> 625=0+0+ %(0.2778)r2

t=6."71s Ans.
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17-58. The single blade PB of the fan has a mass of 2 kg
and a moment of inertia I = 0.18 kg-m? about an axis
passing through its center of mass G. If the blade is
subjected to an angular acceleration a = 5 rad/s?, and has
an angular velocity w = 6 rad/s when it is in the vertical
position shown, determine the internal normal force N,
shear force V, and bending moment M, which the hub
exerts on the blade at point P.

Equations of Motion: Here, (ag), = arg = 5(0.375) = 1.875m/s?> and (ag), =
w’rg = 6%0.375) = 13.5m/s>.

C+3IMp = S(My)p; —Mp = —0.18(5) — 2(1.875)(0.3)
Mp =2.025N-m Ans.
SF, = m(ag),; Np + 2(9.81) = 2(13.5)
Np = 738N Ans.
SF, = m(ag), ; Vp = 2(1.875) = 375N Ans.

w = 6rad/s
@ = Srad/s?
2(981)N

20125)

B

./G
T
2
T
75 mm

Tex =018(5)
Ve

2(1-875)
>

03m

17-59. The uniform spool is supported on small rollers at
A and B. Determine the constant force P that must be
applied to the cable in order to unwind 8 m of cable in 4 s
starting from rest. Also calculate the normal forces on the
spool at A and B during this time. The spool has a mass of
60 kg and a radius of gyration about O of ky = 0.65 m. For
the calculation neglect the mass of the cable and the mass of
the rollers at A and B.

2

(I+)s

1
so + vt +5act

8

0+0+ %ac (4
a, = 1m/s?
a= 1 1.25 rad/s?
0.8
C+ZMp = Ipa;  P(0.8) = 60(0.65)%(1.25)

P =396N Ans.

5 3F, =ma,; Ngysin15° — Ngsin 15° = 0
+15F, = ma,;  Njcos15° + Nycos15° — 39.6 — 588.6 = 0

NA:NB=325N Ans.

6
d:l~25md/5

0(48)N
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*17-60. A motor supplies a constant torque M = 2 N-mto

a 50-mm-diameter shaft O connected to the center of the M
30-kg flywheel. The resultant bearing friction F, which the 0
bearing exerts on the shaft, acts tangent to the shaft and has a 25 mm
magnitude of 50 N. Determine how long the torque must be -

applied to the shaft to increase the flywheel’s angular velocity
from 4 rad/s to 15 rad/s. The flywheel has a radius of gyration
ko = 0.15 m about its center O.

30(9.81)N

C+3ZMy =Iya; 2 — 50(0.025) = 30(0.15)%c
a = 1.11 rad/s?

¢+ w=w)+ at
15 =4+ (1.11)t
t=990s Ans.

¢17-61. If the motor in Prob. 17-60 is disengaged from the
shaft once the flywheel is rotating at 15 rad/s, so that M = 0,
determine how long it will take before the resultant bearing
frictional force F = 50 N stops the flywheel from rotating.

C+3ZMy =Iya;  50(0.025) = 30(0.15) %
a = 1.852 rad/s?

¢+ w=w)+ at
0=-15+ (1.852)¢
t =2810s Ans.
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17-62. The pendulum consists of a 30-lb sphere and a
10-1b slender rod. Compute the reaction at the pin O just
after the cord AB is cut.

Mass Moment Inertia: From the inside back cover of the text.

2 L, 2,30, R
(Ig)s = gmr’ = 5(322)(1 ) = 03727 slug - ft

_1o 110, R

U =1yml =15 (322>(2 ) = 0.1035 slug - ft

Equations of Motion: At the instant shown, the normal component of acceleration
of the mass center for the sphere and the rod are [(HG),J g = [(HG),J r = 0 since the
angular velocity of the pendulum w = 0 at that instant. The tangential component of
acceleration of the mass center for the sphere and the rod are [(ac),] s = arg = 3«

and [(aG),]R = arg = a.

C+3Mp = S(Mpo;  30(3) + 10(1) = 0.3727a + 0.1035a

3 Ift
+ + 1
(322)(3a)(3) (322)(a)( ) " ﬂqf
(3% L0
a = 10.90 rad/s? (582)(3) () ()
2F, = m(ag),; 0,=0
O
30 10 a
SF, = m(ag),; 30 +10 - O, = 22 [3(10.90)] + 22 (10.90)
: 0:3727X 0/0390( /ft
0, = 6.1401b =
Y 3 ,Ct
Thus,
Fop = V02 + 02 =V0 + 6140% = 6.141b Ans.
17-63. The 4-kg slender rod is supported horizontally by a
spring at A and a cord at B. Determine the angular Iﬁr_
acceleration of the rod and the acceleration of the rod’s i 2m
mass center at the instant the cord at B is cut. Hint: The B |
stiffness of the spring is not needed for the calculation. 4
Since the deflection of the spring is unchanged at the instant the cord is cut, the
reaction at A is
4
F, = 5(9.81) = 19.62N ,
. 498N T fiz (a2
2Fx = m(aG)x; 0= 4(aG)x m(as);g
=4
+ISF, = m(ag),;  4(9.81) — 19.62 = 4(ag), %
1 s A ‘G B =E
C+IMg = Iza; (19.62)(1) = [E @) }a “Tm
Solving: E=19.¢2zN m (04)7'—' 4(46)1,
(aG)x =0
(ag), = 4.905 m/s?
a = 14.7 rad/s? Ans.
Thus,
(ag) = 4.90 m/s? Ans.
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*17-64. The passengers, the gondola, and its swing frame
have a total mass of 50 Mg, a mass center at G, and a radius
of gyration kg = 3.5 m. Additionally, the 3-Mg steel block
at A can be considered as a point of concentrated mass.
Determine the horizontal and vertical components of
reaction at pin B if the gondola swings freely at w = 1 rad/s
when it reaches its lowest point as shown. Also, what is the
gondola’s angular acceleration at this instant?

Equations of Motion: The mass moment of inertia of the gondola and the counter
weight about point B is given by I = m, k% + myrdy = 50(103)(3.52> + 3(103)(32)
= 639.5(103) kg - m% At the instant shown, the normal component of acceleration of
the mass center for the gondola and the counter weight are
[(@)nlg = w* 1y = 2(5) = 5.00m/s? and [(ag), lw = @* rw = 12 (3) = 3.00 m/s’.
The tangential component of acceleration of the mass center for the gondola and
the counter weight are {(aG),]g = ar, = Sa and [(aG),]W = ary = 3a. Applying
Eq.17-16, we have

C+IMp = Ipa; 0=6395(10")a a=0 Ans.
SF = m(ag)s B, =0 Ans.
SF, = m(ag),;  3(10°)(9.81) + 50(10%)(9.81) — B,

= 3(10)(3.00) — 50(10%)(5.00)

B, = 760.93(10°) N = 761 kN Ans.

(@) .= 30
o
3m ~
- B, [(0a),),,= 3.00m/s

5m [(45)413=500"°/5“

(@)] =5%

*17-65. The passengers, the gondola, and its swing frame
have a total mass of 50 Mg, a mass center at G, and a radius
of gyration kg = 3.5 m. Additionally, the 3-Mg steel block
at A can be considered as a point of concentrated mass.
Determine the angle 6 to which the gondola will swing
before it stops momentarily, if it has an angular velocity of
w = 1 rad/s at its lowest point.

Equations of Motion: The mass moment of inertia of the gondola and the counter
weight about point B is given by I = my k% + myr¥y = 50(10%)(3.5%) + 3(10%)(3?)
= 639.5(10°) kg - m. Applying Eq. 17-16, we have

C+3Mp=Ize;  3(10°)(9.81) sin 6(3)
~50(10°)(9.81) sin 6(5) = 639.5(10%) a
a = —3.6970sin 6
Kinematics: Applying equation w dw = a df, we have

0 0
/ wdw = / —3.6970 sin 6 d6
1rad/s 0°

6 = 30.1° Ans.
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17-66. The kinetic diagram representing the general a

rotational motion of a rigid body about a fixed axis passing

through O is shown in the figure. Show that [;a may be Pe

eliminated by moving the vectors m(ag), and m(ag), to Y’

point P, located a distance 7gp = kZ/rog from the center of m(ag), ® \

mass G of the body. Here ks represents the radius of Isa

gyration of the body about an axis passing through G.The < rGp

point P is called the center of percussion of the body. ) /m(ac)”&
oG

m(ag), roc + Ig a = m(ag), roG + (msz)a

However,

(ac);

oG

kZG = fYoG 'Gp and o =

m(ag), roc + Iga = m(ag); rog + (mrog rGP){@}

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

17-67. Determine the position rp of the center of

. B
percussion P of the 10-1b slender bar. (See Prob. 17-66.) °
What is the horizontal component of force that the pin at A A
exerts on the bar when it is struck at P with a force of
F =201b?
rp
Using the result of Prob 17-66, 4 ft
[ i (mlz)}z
k2 12\ m 1 < F
rop=—2 ==~ 1= — P
rac 1
2 4
Thus,
¥ «

rpzél+%lzzl=§(4)=2.67ft Ans. Ay I @),
X

3
CHSMy = Ia;  20(2.667) {%(32 2)( )2}
32.

>Ax
2 rad/s? L 10/b
(ag), = 2(32.2) = 64.4 ft/s* 24t [;:2,57/,
E3F, = mlag),;  —A, +20= 10 (64.4) — 4
¢ (32 2) :
A, =0 Ans. P F =20/b
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*17-68. The 150-kg wheel has a radius of gyration about
its center of mass O of ko = 250 mm. If it rotates
counterclockwise with an angular velocity of w = 1200 rev/
min at the instant the tensile forces 74, = 2000 N and
Tz = 1000 N are applied to the brake band at A and B,
determine the time needed to stop the wheel.

Equations of Motion: Here, the mass moment of inertia of the flywheel about its Ty
mass center O is Iy = mky? = 150(0.252) = 9.375 kg - m?. Referring to the free-
body diagram of the flywheel in Fig. b, we have

y diag y g 0.3m 1B0(281)N

C+IM, = Ipe; 1000(0.3) — 2000(0.3) = —9.375 a = 32rad/s? —

2 d\/1mi
Kinematics: Here, w, = 1200r67,V 71a min = 407 rad. Since the Q
min 1rev 60 s

angular acceleration is constant, we can apply

G+ w=w)t+ a.t
0 = 407 + (=32)¢

t =393s Ans.

¢17-69. The 150-kg wheel has a radius of gyration about
its center of mass O of kp =250mm. If it rotates
counterclockwise with an angular velocity of w = 1200 rev/
min and the tensile force applied to the brake band at A is
T4 = 2000 N, determine the tensile force Ty in the band at
B so that the wheel stops in 50 revolutions after T4 and T
are applied.

2 d\/1mi
Kinematics: Here, wy = | 1200 Le.v 71a LY 407 rad and
min 1rev 60s

0 = (50 rev)

(27”3‘1) = 100rrad

150(9.81)N
1rev
Since the angular acceleration is constant,
C+ o’ = wy? + 2a(6 — 6y)
0 = (407)% + 2a(1007 — 0)

a = —25.13 rad/s® = 25.13 rad/s?

Equations of Motion: Here, the mass moment of inertia of the flywheel about its
mass center O is Iy = mko? = 150(0.252) = 9.375 kg - m%. Referring to the free-
body diagram of the flywheel,

C+3My = Ioa; T5(0.3) — 2000(0.3) = —9.375(25.13)
Ty = 121460 N = 121 kN Ans.
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17-70. The 100-1b uniform rod is at rest in a vertical 4ft ‘
position when the cord attached to it at B is subjected to a
force of P = 501b. Determine the rod’s initial angular
acceleration and the magnitude of the reactive force that
pin A exerts on the rod. Neglect the size of the smooth
peg at C.

Equations of Motion: Since the rod rotates about a fixed axis passing through point A4,
(ag), = arg = a(3) and (ag), = w*rg = 0. The mass moment of inertia of the

12 \32.2
of motion about point A,

1 (100
rod about Gis I = — (7)(62) = 9.317 slug - ft>. Writing the moment equation

4 100
C+SMy = (My)a: 50(§>(3) = ﬂ[01(3)}(3) + 9317
a = 3220 rad/s* = 3.22 rad/s? Ans.

This result can also be obtained by applying XM, = I &, where

I, =9317 + (%)(32) = 37.267 slug - ft?
Thus,
C+SMy = I, a; 50(%)(3) = 37.267a
a = 3220 rad/s? = 3.22 rad/s? Ans.

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

+13F, = m(ag),; A, + 50(%) - 100 = 312%(0) A, =701b
B SF = m(ag), 50(%) —A, = %[3.220(3)] A, =1001b
Thus,
Fa=VAZ2+ A2= V10> + 70> = 70.71b Ans.
100
72200
t il
50lb lg=31t
/00 (
— g i 5]
55.900L
10016
(@
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17-71. Wheels A and B have weights of 150 Ib and 100 Ib,
respectively. Initially, wheel A rotates clockwise with a
constant angular velocity of @ = 100 rad/s and wheel B is
at rest. If A is brought into contact with B, determine the
time required for both wheels to attain the same angular
velocity. The coefficient of kinetic friction between the two
wheels is w;, = 0.3 and the radii of gyration of A and B
about their respective centers of mass are k4, = 1ft and
kg = 0.75 ft. Neglect the weight of link AC.

Equations of Motion: Wheel A will slip on wheel B until both wheels attain the

same angular velocity. The frictional force developed at the contact point is

F = py, N = 0.3N.The mass moment of inertia of wheel A about its mass center is
15

0
Iy=myuk,? = 2 (12) slug - ft%. Referring to the free-body diagram of wheel A

shown in Fig. a.

B SF, = m(ag)y; 03N — Tyecos30° =0

+12F, = m(ag),; N — Tycsin30° — 150 = 0

150
C+3M,=1,a,; 03N(1.25) = {32—2(1 )}a/‘
Solving,
N = 181.421b Tic = 62.851b a, = 14.60 rad/s

The mass moment of inertia of wheel B about its mass center is

100
Iy = mpky® = 2 (0.75%) slug - ft>

Writing the moment equation of motion about point B using the free-body diagram
of wheel B shown in Fig. b,

1
+3SMp = Izap;  03(181.42)(1) = % (0.75%)a

ag = 31.16 rad/s?

Kinematics: Since the angular acceleration of both wheels is constant,

C+ wy = (wa) + gt
wy4 = 100 + (—14.60)¢
and
C+ wp = (wp)y + apt
wp = 0 + 31.16¢
Since w4 is required to be equal to wp, we obtain
100 + (—14.60)t = 31.16¢

t =2185s =2.19s Ans.

686




© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

*17-72. Initially, wheel A rotates clockwise with a
constant angular velocity of @ = 100 rad/s. If A is brought
into contact with B, which is held fixed, determine the
number of revolutions before wheel A is brought to a stop.
The coefficient of kinetic friction between the two wheels is
s = 0.3, and the radius of gyration of A about its mass
center is k4 = 1 ft. Neglect the weight of link AC.

Equations of Motion: Since wheel B is fixed, wheel A will slip on wheel B. The
frictional force developed at the contact pointis F = u; N = 0.3N.The mass moment

150
of inertia of wheel A about its mass center is [, = my k4> = 302

Referring to the free-body diagram of wheel A shown in Fig. a,

BIF, = mag),; 03N — Tyccos30° =0
+12F, = m(ag),; N — Tycsin30° — 150 = 0
150 /.,
C+3M,=1I,a,; 03N(125) = {@(1 )}aA
Solving,
N = 181.421b T sc = 62.851b a, = 14.60 rad/s

Kinematics: Since the angular acceleration is constant,
C+ wp® = (0p)*0 + 2a4(6 — 6p)

0% = 100? + 2(—14.60)(0 — 0)

(12> slug - ft2.

1
0 = 342.36 rad< rad ) = 5449 rev = 54.5 rev Ans.
27 rad
©17-73. The bar has a mass m and length /. If it is released
from rest from the position 6§ = 30°, determine its angular
acceleration and the horizontal and vertical components of
reaction at the pin O.
/ 1 5
C+2IMy = Iy a; (mg) 5 ) cos 30° = gml a
1.299 1.30
a = £_ 2% Ans.
/
1\ /1.299
& SF, = m(ag)y; O, = m(§)< ; g) sin 30°
O, = 0.325mg Ans.
1\ /1.299g
+T2Fy = m(ag)y; O, —mg=—-m 5 / cos 30°
O, = 0.438mg Ans.
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17-74. The uniform slender rod has a mass of 9 kg. If the

spring is unstretched when 6 = 0°, determine the magnitude

of the reactive force exerted on the rod by pin A when

6 = 45°, if at this instant w = 6rad/s. The spring has a A
stiffness of k = 150 N/m and always remains in the

horizontal position.

Equations of Motion: The stretch of the spring when 6 =45° is
s = 0.8 — 0.8 cos 45° = 0.2343 m. Thus, Fy, = ks = 150(0.2343) = 35.15 N. Since
the rod rotates about a fixed axis passing through point A, (a5); = arg = «(0.4) and
(ag)n = 0’rg = 6%(0.4) = 14.4 m/s>. The mass moment of inertia of the rod about

1 1
its mass center is I = Eml2 =0 (9)(0.82) = 0.48 kg - m?. Writing the moment

equation of motion about point A, Fig. a,

C+SMy=S(My),: 3515 cos 45°(0.8) — 9(9.81) cos 45°(0.4)

= —9[a(0.4)](0.4) — 0.48«
o = 2.651 rad/s?

The above result can also be obtained by applying XM, = I, a, where
1
— 2 2 2\ _ 2
Iy = I + md* = = (9)(0.8) + 9(0.47) = 1.92kg-m
Thus,

C+3IMy = I a; 35.15 cos 45°(0.8) — 9(9.81) cos 45°(0.4) = —1.92a

a = 2.651 rad/s?

Using this result and writing the force equation of motion along the n and ¢ axes,

+/3F, = m(ag), ; 9(9.81) cos 45° — 35.15 cos 45° — A, = 9[2.651(0.4)]
A, = 2803N

+NZF, = m(ag),; A, — 9(9.81) sin 45° — 35.15 sin 45° = 9(14.4)
A, = 21688 N

Thus,

Fo= VA2 + A% = \V28.03% + 216.882

=218.69N = 219N Ans.

Ao,
,Z. = 0~4,W"

4(144) K- Ms*
Ve
§

N

©

Zasusnl I[X04]
CY)

"\

04m
5
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17-75. 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 = 7TkN/m.

1
C+SMy =T 151400 — 245.25) = {g (25)(3)2}1
+1S F, = m(ag),; 1400 — 24525 — A, = 25(1.5a)

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

Solving, 24525 N
A, =0 Ans. A, _ 0 Laa
A, = 289N Ans. .‘,"5 N )
a = 23.1 rad/s’ Ans. Ay 1,400 N 25(1.50)
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*17-76. The slender rod of length L and mass m is A

released from rest when 6 = 0°. Determine as a function of 0
0 the normal and the frictional forces which are exerted by

the ledge on the rod at A as it falls downward. At what

angle 0 does the rod begin to slip if the coefficient of static L \
friction at A is u? /

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

given by I = o mL?. At the instant shown, the normal component of acceleration
L
of the mass center for the rod is (ag), = w’rg = ? <E> The tangential component
L ]
of acceleration of the mass center for the rod is (ag), = ar, = a(z). 6
L 1 L L
C+IM,4=Z(Mp)o; —mg cos 0(5) = —(EmL2>a - m|:a<5):|<5) n E
3g Na 72
a = cos 0 I
* m{W(ty
3g L J T =7-ml5a
+/3F, = m(ag), ; mg cos§ — Ny = m| " cos 0| - A
mg L=
Ny = e cos 6 Ans.
m[2(£)]
L
N+2F, = m(ag),; Fy— mgsing = m{wz(z)} @
Kinematics: Applying equation w dow = a df, we have
" wdo= [ 2 cosaan
A wdo = oL cos
38
2 .
= —sinf
1 7 sin
. , 38 . . .
Substitute w” = 7 sin 0 into Eq. (1) gives
5mg .
Fy = 5 sin 0 Ans.

If the rod is on the verge of slipping at A, Fy = uN,4. Substitute the data obtained
above, we have

Sm m
2g sin 0 = ,u<Tg cos 0)

= — Ans.
6 = tan ( 1 0) ns.
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*17-77. 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 # = 90° when the pendulum is
rotating at = 8 rad/s. Neglect the weight of the beam and
the support.

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

C+EIM¢ = Ica; 0 = 62.5« a=0

Using this result to write the force equations of motion along the » and ¢ axes,
& SF = m(ag),;  —C, = 100[0(0.75)] C,=0

+13F, = m(ag)y; 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

+SM,=0; Np(12) —5781(0.6) =0 Ny =2890.5N =289 kN  Ans.

Using this result to write the force equations of equilibrium along the x and y axes,
we have

B IF, = 0; A, =0 Ans.

+1SF, =0; A, +2890.5-5781=0 A, =2890.5N =289kN  Ans.

A
0.6 m 0.6 m
Co
G
| @n v
lg=075m | ("";__T 4

@

100(9.81) N

— (:=0
Im

Ac ? 7
[ o6m 0.bm

Ne
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17-78. The 100-kg pendulum has a center of mass at G and
aradius of gyration about G of k5 = 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 = 4 rad/s.
Neglect the weight of the beam and the support.

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

through point C, (ag), = arg = «(0.75) and (ag), = w*rg = 4%(0.75) = 12 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 shown in Fig. a,

0.6 m 0.6 m

C+IMe = Ica; —100(9.81)(0.75) = —62.5a 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, = mag),;  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,

+SM,=0;  Np(12) — 98.1(0.6) — 1200(1) = 0 Ny = 1049.05N = 1.05kN Ans.

Using this result to write the force equations of equilibrium along the x and y axes,
we have

BHSF, =0, 1200- A, =0 A, = 1200N = 1.20kN Ans.

+13F, =0, 104905981 - A, =0 A, =95095N=95IN  Auns.

G=98.1 N

100¢9-81) N Gr=1200N
=7

t o-em O0-6m
A% Ng
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17-79. If the support at B is suddenly removed, determine \ 3t }
the initial horizontal and vertical components of reaction
that the pin A exerts on the rod ACB. Segments AC and CB __C M A

each have a weight of 10 1b.

Equations of Motion: The mass moment inertia of the rod segment AC and BC

about their respective mass center s I = —mi2 = = (0 (3%)
P 712 12\322

= 0.2329 slug - ft>. At the instant shown, the normal component of acceleration of

the mass center for rod segment AB and BC are [(ag),lap = [(aG)ulpc = 0O since

the angular velocity of the assembly w = 0 at that instant. The tangential

component of acceleration of the mass center for rod segment AC and BC are

[(ag)]ap = 1.5 aand [ (ag), Jpc = V11.25. 101b

10 B
C+IMy = S(Mp),;  10(15) + 10(3) = 0.2329a + (32—2)(1.500(1.5) B
+ 02329 a + <%>(\/@a) (V/11.25) aft A}

a = 9.660 rad/s’

10 .
5 SF, = mag),; A= (ﬂ)[ V11.25 (9.660) ] sin 26.57° | (_é_g_ 2)(,,906 )
023294 1544
A, =4501b Ans.
10 0.-2329
+12F, = m(ag),; A, —20= —(322>[ 1.5(9.660)]
10 )
— | === J[ V11.25 (9.660) ] cos 26.57°
(32.2 S )(ATZ5 )

A, =6501b Ans.
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*17-80. The hose is wrapped in a spiral on the reel and is
pulled off the reel by a horizontal force of P = 200 N.
Determine the angular acceleration of the reel after it has
turned 2 revolutions. Initially, the radius is r = 500 mm. The
hose is 15 m long and has a mass per unit length of 10 kg/m.
Treat the wound-up hose as a disk.

Equations of Motion: The mass of the hose on the reel when it rotates through an
angle 6 is m = 15(10) — r6(10) = (150 — 10r0) kg. Then, the mass moment of

1
inertia of the reel about point O at any instant is Iy = 5 mr? = > (150 — 10r6)r>.

Also, the acceleration of the unwound hose is a = ar. Writing the moment equation
of motion about point O,

1
C+IMy = S(My)o ; =200(r) = — 5(150 - 10r0)r2}a — 10r6(ar)r
200
=0
75r + 5r%0
0 0.005 27 rad
However, r = 0.5 — — (0.01) = 0.5 — ——¢. Thus, when 6 = 2rev( I )
2 T 1rev
=4srrad, r = 0.48 m.Then
200
o=
75(0.48) + 5(0.48%)(4r)
= 3.96 rad/s’ Ans.

(180-10r9)(981)
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*17-81. 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?

B SF, = m(ag)y;  Fepsin30° — Ny =0
+13F, = m(ag),;  Fcpcos30° — 20(9.81) + 03N, = 0
C+3ZMp=1Iga; 03N,4(0.15) = B (20)(0.15)2}1
Ny =9.6N
Fcg = 193N Ans.
a = 19.3 rad/s?
C+ ®w=wy+ a.t
0=060+ (—19.3)¢

t =311s Ans.

17-82. The 50-kg uniform beam (slender rod) is lying on
the floor when the man exerts a force of F = 300 N on the
rope, which passes over a small smooth peg at C. Determine
the initial angular acceleration of the beam. Also find the
horizontal and vertical reactions on the beam at A
(considered to be a pin) at this instant.

Equations of Motion: Since the beam rotates about a fixed axis passing through
point A, (ag); = arg = a(3) and (ag), = w*rg = ©*(3). However, the beam is
initially at rest, so @ = 0. Thus, (aG) , = 0. Here, the mass moment of inertia of the

. . 1 1 .
beam about its mass center is I; = - mi? = - (50)(62> = 150 kg - m%. Writing the
moment equation of motion about point A, Fig. a,

C+SM, = S(M)a;  300sin 60°(6) — 50(9.81)(3) = 50[a(3)](3) + 150

H

F=300N :

a = 0.1456 rad/s? = 0.146 rad/s* Ans. 60"
. . . — t
This result can also be obtained by applying XM, = I, a, where A \ I
1 3m To3m
_ 1 2) 2\ _ L2 A I
Iy = 15 (50)(6) + 50(3%) = 600 kg -m » 223
Th so) /%
us, ™ L

C+3M4=S(u)a:  300sin 60°(6) — 50(9.81)(3) = 600c

« = 0.1456 rad/s?> = 0.146 rad/s? Ans.

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

& SF, = m(ag),; 300cos60° — A, = 50(00) A, = 150N Ans.

+13F, = m(ag),; A, + 300sin60° — 50(9.81) = 50[0.1456(3)]

A, =25253N = 253N Ans.

E,%=_=£I

|<__—a 150X,
A lg=3m
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17-83. At the instant shown, two forces act on the 30-1b PRI
slender rod which is pinned at O. Determine the magnitude

——\e/o
of force F and the initial angular acceleration of the rod so \.
that the horizontal reaction which the pin exerts on the rod 3t
is 5 Ib directed to the right.
— «—— 201b
Equations of Motion: The mass moment of inertia of the rod about point O is given
1/ 30 30 . 3 ft
= = 2 — | == 2 + | = 2y — . . 2.
by Ip = Ig = mrg 1 (32.2)(8 ) (32-2)(4 ) = 19.88 slug - ft". At the instant
shown, the tangential component of acceleration of the mass center for the rod is — <—TF
(ag); = ary = 4a. Applying Eq. 17-16, we have 2t
C+3My = Ip e —20(3) — F(6) = —19.88« ) p -
2F, = m(ag) 20+ F =5 (730 )(4 ) )
= a . — =
f a 3220 Q=51 .
Solving Egs. (1) and (2) yields: 3¢ L 300 oL l
a=121rad/s> F =3001b Ans. —% I"—ZO o) @),
3 t—
k (G, =4
U
*17-84. The 50-kg flywheel has a radius of gyration about P

its center of mass of kp = 250 mm. It rotates with a
constant angular velocity of 1200 rev/min before the brake
is applied. If the coefficient of kinetic friction between the
brake pad B and the wheel’s rim is w;, = 0.5, and a force of 02m
P = 300N is applied to the braking mechanism’s handle,
determine the time required to stop the wheel.

Equilibrium: Writing the moment equation of equilibrium about point A, we have

C+3M, = 0; N (1) + 0.5N; (0.2) — 300(1.5) = 0
N = 409.09 N

Equations of Motion: The mass moment of inertia of the flywheel about its center is
Ip = 50(0.252) = 3.125 kg - m%. Referring to the free-body diagram of the flywheel
shown in Fig. b, we have

+3My = Ip o 0.5(409.09)(0.3) = 3.125a
a = 19.64 rad/s?

27 rad \( 1 mi
Kinematics: Here, w; = (1200 ﬂ)( 71a )( mm) = 407 rad/s. Since the
min/\ 1rev 60 s

angular acceleration is constant,

G+ w=w)t+ at
0 = 407 + (—19.64)

t =640s Ans.
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*17-85. The 50-kg flywheel has a radius of gyration about
its center of mass of kp = 250 mm. It rotates with a constant
angular velocity of 1200 rev/min before the brake is applied.
If the coefficient of kinetic friction between the brake pad B
and the wheel’s rim is u; = 0.5, determine the constant
force P that must be applied to the braking mechanism’s
handle in order to stop the wheel in 100 revolutions.

Kinematics: Here,

rev \(/ 2m rad \/ 1 min
=1 1200 — || — =4
@0 ( 00 mm)( 1rev >( 60s ) Om rad/s

and

6 = (100 re v)<2”r:d> = 2007 rad
A"

Since the angular acceleration is constant,
C+ @ =wy’ + &b — 6)

07 = (40m)? + 2a(2007 — 0)

a = —12.57 rad/s* = 12.57 rad/s?

Equilibrium: Writing the moment equation of equilibrium about point A using the
free-body diagram of the brake shown in Fig. a,

C+3IM,=0;  Ng(l) + 0.5N5(02) — P(1.5) = 0
N = 1.3636P

Equations of Motion: The mass moment of inertia of the flywheel about its center is
Ip = mky? = 50(0.25%) = 3.125 kg - m%. Referring to the free-body diagram of the
flywheel shown in Fig. b,

+3SMy = Ipa;  0.5(1.3636 P)(0.3) = 3.125(12.57)
P =19198N = 192N Ans.

17-86. 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 o = 6 rad/s, determine the initial angular
acceleration of the cylinder. The coefficient of kinetic
friction at the contacting surfaces B and Cis p; = 0.2.

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

1 1
given by I, = Emrz = 5(5)(0.1252) = 0.0390625 kg - m?. Applying Eq. 17-16,
we have

BIF, =m(ag),; N+ 02N,cos45° — N,sin45° =0 §))
+13F, = m(ag),; 02Nz + 02N, sin45° + N cos45° — 59.81) =0  (2)
C+3IMy =Ipa; 02N, (0.125) — 0.2N5 (0.125) = 0.0390625a A3)
Solving Egs. (1), (2), and (3) yields;

Ny =510IN  Ng=288N

a = 14.2 rad/s? Ans.

125 mm
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17-87. The drum has a weight of 50 1b and a radius of
gyration k4 = 0.4 ft. A 35-ft-long chain having a weight of
2 Ib/ft is wrapped around the outer surface of the drum so
that a chain length of s = 3 ft is suspended as shown. If the
drum is originally at rest, determine its angular velocity
after the end B has descended s = 13 ft. Neglect the
thickness of the chain.

2s 50 ,  2(35
+ = ; 6) === 6)(0.6) + || === )(0.4)> +
Cramy = 30 2500 = (23 @006 + | (5% )0
1.2s = 0.02236sa + (0.24845 + 0.7826 — 0.02236s)a
1.164s = «
adf = a(g%) = wdw
1.164s(%) = wdw
13 w

1.9398/ sds=/ wdw

3 0

(13)° (3)2} _ 1,
1.9398{ > S | T 5@
o = 17.6 rad/s Ans.

265 - s)
322

0.6) |

0-6ft

:

(%) [eccow)]

*17-88. Disk D turns with a constant clockwise angular
velocity of 30 rad/s. Disk E has a weight of 60 1b and is
initially at rest when it is brought into contact with D.
Determine the time required for disk E to attain the same
angular velocity as disk D. The coefficient of kinetic
friction between the two disks is w, = 0.3. Neglect the
weight of bar BC.

Equations of Motion: The mass moment of inertia of disk E about point B is given

1 1( 60
by Iy = —mr? == (—)(12) = 0.9317 slug - ft>. Applying Eq. 17-16, we have

2" T2\ 322
5B 3F, = m(ag),; 03N — Fpccos45° = 0 §))
+13F, = m(ag),; N — Fycsind5° — 60 =0 )
C+IMy = Ip o 0.3N(1) = 0.9317« 3)

Solving Egs. (1), (2) and (3) yields:
Fgc = 36.371b N =85711b  a = 27.60 rad/s’

Kinematics: Applying equation w = w, + «,, we have

(C+) 30 =0 + 27.60¢

t =1.09s Ans.

gﬁ"

o =30rad/s

60 b

l;'=o-3N
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*17-89. A 17-kg roll of paper, originally at rest, is
supported by bracket AB. If the roll rests against a wall
where the coefficient of kinetic friction is uc = 0.3, and a
constant force of 30 N is applied to the end of the sheet,
determine the tension in the bracket as the paper unwraps,
and the angular acceleration of the roll. For the calculation,
treat the roll as a cylinder.

Equations of Motion: The mass moment of inertia of the paper roll about point A4 is
1 1
given by I, =—-mr? = ) (0.122) = 0.1224 kg-m>. Applying Eq. 17-16,

2

we have
+ 5 .

EFX = m((lc)x; NC - FAB E + 30sin 60° = 0 (1)

12
+T2Fy = m(ag)y; 0.3N¢ + Fup )~ 30 cos 60° — 17(9.81) = 0 2)
C+EM, =140 30(0.12) — 0.3Ng(0.12) = 0.1224« A3
Solving Egs. (1), (2), and (3) yields:
Fug=183N  a = 16.4rad/s’ Ans.

Ne = 4423 N
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17-90. The cord is wrapped around the inner core of the
spool. If a 5-1b block B is suspended from the cord and
released from rest, determine the spool’s angular velocity
when ¢ = 3 s. Neglect the mass of the cord. The spool has a
weight of 180 1b and the radius of gyration about the axle A
is k4 = 1.25ft. Solve the problem in two ways, first by
considering the “system” consisting of the block and spool,
and then by considering the block and spool separately.

System:
C+EIM,y = Z(Mp) 4 5(1.5) = (1&)(1.25)%« + (i)(l.sa)(l.S)
322 322
o = 0.8256 rad/s’

C+) o=wy+a.t

o =0+ (0.8256) (3)

o = 2.48rad/s Ans.
Also,
Spool:
C+3M, =1, T(15) = (31;2)(1.25)201
Weight:

5
+|3F, = m(ag),; S-T-= (@)(150{)
a = 0.8256 rad/s?

(C+) w=w+ at

0 + (0.8256) (3)

w

o = 2.48rad/s Ans.

1.5 ft

A\ ) 75 ft

T

Qp=1-50¢

5lb
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17-91. If a disk rolls without slipping on a horizontal
surface, 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.

C+IMic = 2 (Mic;  EMc = Iga + (mag)r

Since there is no slipping, ag = ar.

Thus, EMIC = (IG + mrz) .

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

EMic = Iica Q.E.D.

*17-92. The 10-kg semicircular disk is rotating at
® = 4rad/s at the instant § = 60°. Determine the normal
and frictional forces it exerts on the ground at A at this
instant. Assume the disk does not slip as it rolls.

Equations of Motion: The mass moment of inertia of the semicircular disk about its

1
center of mass is given by Ig = - (10) (0.42) — 10(0.1698?) = 0.5118 kg - m”. From

the geometry, rg /4 = V0.1698” + 0.4% — 2(0.1698)(0.4) cos 60° = 0.3477 m. Also,
sinf® _ sin 60°
0.1698 03477

using the law of sines, 60 = 25.01°. Applying Eq. 17-16, we have

C+IM, = S(My),:  10(9.81)(0.1698 sin 60°) = 0.5118«

+ 10(ag), cos 25.01° (0.3477)

+ 10(ag), sin 25.01°(0.3477) )
E3F, = m(ag)y Fy = 10(ac), @
+1F, = m(ag),: N —10(9.81) = —10(ag), 6))

Kinematics: Since the semicircular disk does not slip at A, then (a4), = 0. Here,
rg/a = {—0.3477 sin 25.01° + 0.3477 cos 25.01°%j} m = {—0.1470i + 0.3151j} m.
Applying Eq. 16-18, we have

aG = a4 + a X Iga — 0TG4
—(ag), i — (ag),j = 6.40j + ak x (—0.1470i + 0.3151j) — 4%(—0.1470i + 0.3151j)
—(ag)si — (ag)yj = (23523 — 0.3151a) i + (1.3581 — 0.1470a)j

Equating i and j components, we have

(ag)y = 03151 — 2.3523 “)

(ag)y = 0.1470c — 1.3581 (5)
Solving Egs. (1), (2), (3), (4), and (5) yields:

a =1385rad/s*  (ag), = 2.012m/s*  (ag), = 0.6779 m/s

F;=201N N =0913N Ans.

N

o]
a, “64omist

(as)} 25000
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¢17-93. The semicircular disk having a mass of 10 kg is
rotating at w = 4 rad/s at the instant 6 = 60°. If the
coefficient of static friction at A is u, = 0.5, determine if the
disk slips at this instant.

Equations of Motion: The mass moment of inertia of the semicircular disk about its
1
center of mass is given by I5 = ) (10) <0.42) — 10 (0.1698%) = 0.5118 kg - m?. From

the geometry, rg4 = V0.1698” + 0.4> — 2(0.1698) (0.4) cos 60° = 0.3477 m Also,
sinf® _ sin 60°
0.1698  0.3477°

using law of sines, 60 = 25.01°. Applying Eq. 17-16, we have

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

+ 10(ag), cos 25.01°(0.3477)

+ 10(ag), sin 25.01°(0.3477) )
& 3F, = mlag)s; Fy = 10(ag), (6)
+1F, = m(ag),; N —10(9.81) = —10(ac), 3)

Kinematics: Assume that the semicircular disk does not slip at A, then (a,), = 0.
Here, rg/4 = {—0.3477 sin 25.01° + 0.3477 cos 25.01°%j} m = {—0.1470i + 0.3151j} m.
Applying Eq. 16-18, we have

A = Ay + a X rG/A - a)er/A
—(ag)yi — (ag),j = 6.40j + ak X (=0.1470i + 0.3151j) — 42(—0.1470i + 0.3151j)

—(ag)ci — (ag)yj = (23523 — 03151 @) i + (1.3581 — 0.1470a)j

Equating i and j components, we have
(ag)y = 0.3151a — 2.3523 “)

(ag)y = 0.1470a — 1.3581 6)

Solving Egs. (1), (2), (3), (4), and (5) yields:

a =1385rad/s’  (ag), = 2.012m/s*>  (ag), = 0.6779 m/s*

Fp =20.12N N =9132N

Since Fy < (F)max = msN = 0.5(91.32) = 45.66 N, then the semicircular
disk does not slip. Ans.
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17-94. The uniform 50-1b board is suspended from cords
at C and D. If these cords are subjected to constant forces
of 30 Ib and 45 Ib, respectively, determine the initial
acceleration of the board’s center and the board’s angular
acceleration. Assume the board is a thin plate. Neglect the
mass of the pulleys at £ and F.

+13F, = m(ag),; 45+ 30 — 50 = (ﬂ) ag

322 301b 451b
ag = 16.1 ft/s? Ans.
1 (50 % ¥
+ — . _ + [ 2
C+EMg = I o 30(5) + 45(5) [12 (32.2)(10) }a i
a = 5.80 rad/s? Ans. soth
17-95. The rocket consists of the main section A having a A

mass of 10 Mg and a center of mass at G 4. The two identical
booster rockets B and C each have a mass of 2 Mg with
centers of mass at Gy and Gg, respectively. At the instant
shown, the rocket is traveling vertically and is at an altitude
where the acceleration due to gravity is g = 8.75 m/s. If
the booster rockets B and C suddenly supply a thrust of
Tg = 30kN and 7¢ = 20 kN, respectively, determine the
angular acceleration of the rocket. The radius of gyration of
A about G4 is k4 = 2 m and the radii of gyration of B and
C about Gz and G are kg = k¢ = 0.75 m.

Equations of Motion: The mass moment of inertia of the main section and booster

rockets about G is
(16)4 = 10(10%)(22) + 2(2(103)(0.752) +2(10%)(1.5% + 62))
= 195.25(10%) kg - m?
+13F, = m(ag),:
150(10%) + 20(10%) + 30(10°)
- [2(103) +2(10%)

+ 10(103)}(8.75)

= [2(103) +2(10%) + 10(103)}1
a = 5536 m/s> = 5.54 m/s*]
+3(Mg)a = SUg)ae  30(10%)(1.5) — 20(10%)(1.5) = 195.25(10°)ar

a = 0.0768 rad/s?

Te = 201<NTT Ty = 30kN
1.5m|1.5m
T, = 150kN
1000)(BTB)N
3
v 10002 A
20/0%) O
40U0Y &
112500
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*17-96. The 75-kg wheel has a radius of gyration about the
z axis of k, = 150 mm. If the belt of negligible mass is
subjected to a force of P = 150 N, determine the acceleration
of the mass center and the angular acceleration of the wheel.
The surface is smooth and the wheel is free to slide.

Equations of Motion: The mass moment of inertia of the wheel about the z axis is
(Ig), = mk,? = 75(0.152) = 1.6875 kg - m?. Referring to the free-body diagram of
the wheel shown in Fig. a, we have

+l2F, = m(ag),; 150 = 75a5 ag = 2m/s’ Ans.

C+EIMg = Iza; —150(0.25) = —1.6875 a =22.22rad/s? Ans.

0:25m

(@) spn

¢17-97. The wheel has a weight of 30 1b and a radius of
gyration of ks = 0.6 ft. If the coefficients of static and
kinetic friction between the wheel and the plane are
ms = 02 and p; = 0.15, determine the wheel’s angular
acceleration as it rolls down the incline. Set § = 12°.

. 30
+ = . °o_F ="
V2F, = m(ag)y; 30 sin 12 F <32.2)aG

NIEF, = m(ag)y; N —30cos12° =0

C+ZMg = Iga;  F(1.25) = K%) (0.6)2}01
' 201k
. & T ¢ X
Assume the wheel does not slip.
ag = (125)(1 , =
l2 F
Solving: :
A
F=1171b Al a
N =129341b
ag = 544 t/s?
a = 4.35 rad/s? Ans.
Frax = 02(29.34) = 5871b > 1.171b OK
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17-98. The wheel has a weight of 30 1b and a radius of
gyration of ks = 0.6 ft. If the coefficients of static and
kinetic friction between the wheel and the plane are
ms = 0.2 and p, = 0.15, determine the maximum angle 6 of
the inclined plane so that the wheel rolls without slipping.

Since wheel is on the verge of slipping:

+/2F, = m(ag), ; 30sin — 0.2N = <%)(1.25a) )
+\ZF, = m(ag),: N —30cos = 0 @) Solk
C+SMe = Iga;  02N(1.25) = [(%)(0.6)2}1 3) <

Substituting Eqgs.(2) and (3) into Eq. (1),
30sin @ — 6 cos 6 = 26.042 cos 6
30sin # = 32.042 cos 6
tan 6 = 1.068

6 = 46.9° Ans.

17-99. Two men exert constant vertical forces of 40 lb
and 30 1b at ends A and B of a uniform plank which has a
weight of 50 Ib. If the plank is originally at rest in the A
horizontal position, determine the initial acceleration of A
its center and its angular acceleration. Assume the plank
to be a slender rod.

=

15 ft
401b 301b

Equations of Motion: The mass moment of inertia of the plank about its mass center % Qg

1 1/ 50
is given by I = Emz2 -5 <ﬂ> (15%) = 29.115 slug - ft> Applying Eq. 17-14, T)"C
501b

we have

+13F, = m(ag),; 40 + 30 — 50 = (%)aG

—

ag = 12.9 ft/s? Ans.

75ft | 75/t
Fo1b 301/b

C+IMg = Iga; 30(7.5) — 40(7.5) = —29.115

o = 2.58 rad/s? Ans.
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*17-100. The circular concrete culvert rolls with an angular
velocity of @ = 0.5 rad/s when the man is at the position
shown. At this instant the center of gravity of the culvert and
the man is located at point G, and the radius of gyration
about G is kg = 3.5 ft. Determine the angular acceleration
of the culvert. The combined weight of the culvert and the
man is 500 Ib. Assume that the culvert rolls without slipping,
and the man does not move within the culvert.

Equations of Motion: The mass moment of inertia of the system about its mass

500
centeris Iy = mkg? = E(S.Sz) = 190.22 slug - ft*>. Writing the moment equation

of motion about point A4, Fig. a,

500 500
FEMA = S(Ma —5000.5) = 2 (a6)(#) — 35(46),(0.5) — 190220 (1)

Kinematics: Since the culvert rolls without slipping,
ag = ar = a(4) —>
Applying the relative acceleration equation and referring to Fig. b,
aG = apta X rgo — 0 ¥ga
(ag) i — (ag),j = 4ai + (—ak) x (0.5i) — 0.5%(0.5i)
(ag)« i — (ag)yj = (4a — 0.125)i — 0.5qj
Equating the i and j components,
(ag), = 4a — 0.125 ?2)
(ag)y = 0.5a R))

Substituting Egs. (2) and (3) into Eq. (1),
500 500
—=500(0.5) = fﬂ(éla - 0.125)(4) — @(O.Sa)(O.S) - 190.22c

a = 0.582 rad/s* Ans.

(a)
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¢17-101. The lawn roller has a mass of 80 kg and a radius 200N
of gyration kg = 0.175 m. If it is pushed forward with a

force of 200 N when the handle is at 45°, determine its

angular acceleration. The coefficients of static and kinetic

friction between the ground and the roller are u, = 0.12

and u, = 0.1, respectively.

E3F, = m(ag)y 200 cos 45° — F 4 = 80ag 74
+13F, = mag),; N4 — 80(9.81) — 200sin45° = 0 -
/
C+3IMg = Iga; F 4(0.2) = 80(0.175)? « A
Assume no slipping: ag = 0.2«
yaa o8N
Fy=6132N «9— -
2~
N,y =9262N
5 45
a = 5.01 rad/s Ans. 7
02m
(F Dmax = s N4 = 0.12(9262) = 111.1 N > 61.32N OK
fa
)
17-102. Solve Prob. 17-101 if p, = 0.6 and u; = 0.45. 200N
& SF, = m(ag)y; 200 cos 45° — F 4 = 80ag
+13F, = m(ag),; N, — 80(9.81) — 200sin45° = 0
C+3IMg = Ig o F 4(0.2) = 80(0.175)% 4
45°
Assume no slipping: ag = 0.2 « 200 mm
Fy=6132N A
Ny = 9262N
a = 5.01 rad/s? Ans. 4o 804.8NHN

(F Dmax = sN 4 = 0.6(926.2 N) = 5557 N > 61.32 N OK
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17-103. The spool has a mass of 100 kg and a radius of
gyration of kg = 0.3 m. If the coefficients of static and
kinetic friction at A are u, =02 and u; = 0.15,
respectively, determine the angular acceleration of the
spool if P = 50 N.

B SF = m(ag),; 50 + F4 = 100ag
+13F, = m(ag)y;  Na — 100(9.81) = 0

C+3IMg = Iga; 50(0.25) — F 4(0.4) = [100(0.3)]a

Assume no slipping: ag = 0.4« a _/ 0.4m
a = 1.30 rad/s? Ans. y ——L
A
ag =0520m/s> N, =981N  F,=200N "
A
Since (F 4)max = 0.2(981) = 1962 N > 2.00 N OK
*17-104. Solve Prob. 17-103 if the cord and force
P = 50 N are directed vertically upwards. > P
B 3F, = m(ag),;  Fu = 100ag
+13F, = m(ag)y;  Na+ 50 — 100(9.81) = 0
C+3ZMg = I a; 50(0.25) — F 4(0.4) = [100(0.3)*]ex P-50N
Assume no slipping: ag = 0.4 « - % o25m
5 ii 100¢9-80N
a = 0.500 rad/s Ans. X
ag=02m/s> Ny=93IN F,=20N
Since (F g)max = 0.2(931) = 1862 N > 20N OK i
04m
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*17-105. The spool has a mass of 100 kg and a radius of
gyration ks = 0.3 m. If the coefficients of static and kinetic
friction at A are uy = 0.2 and u, = 0.15, respectively,
determine the angular acceleration of the spool if P = 600 N.

B SF, = m(ag),; 600 + F4 = 100ag
+13F, = m(ag),;  Na — 100(9.81) = 0
C+EIM; = I« 600(0.25) — F4(0.4) = [100(0.3)*]a
Assume no slipping: ag = 0.4a
a = 15.6 rad/s? Ans.

ag =624m/s> N,=981N F,=240N

Since (F 4)max = 0.2(981) = 1962 N > 240N OK

+ a 100¢9-81)N
l——x '\ - P-6ooN

0.25m

S

17-106. The truck carries the spool which has a weight of
500 Ib and a radius of gyration of k; = 2 ft. Determine the
angular acceleration of the spool if it is not tied down on the
truck and the truck begins to accelerate at 3 ft/s>. Assume
the spool does not slip on the bed of the truck.

@,‘)‘

500
- = .
EFX m(aG)x» F = (32 2) (1)
B ) ~ (500 2
G+ 3Mg = L FO) = (53 ) 07 @

ay = ag + (aye) + (a6

o] [iop] -+ e+ [0

1
(d;) 3=ag + 3a &)

Solving Egs. (1), (2), and (3) yields:
F =14331b  ag = 0.923 ft/s’

a = 0.692 rad/s%. Ans.

@

@on

()

ﬂ:“"

" @hesHi
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17-107. The truck carries the spool which has a weight of
200 1b and a radius of gyration of k; = 2 ft. Determine the
angular acceleration of the spool if it is not tied down on
the truck and the truck begins to accelerate at 5 ft/s%. The
coefficients of static and kinetic friction between the spool

and the truck bed are u; = 0.15 and w, = 0.1, respectively.
+ 12F, = m(ag),; N —200=0 N =200Ib

200
B SF = m(ag),; F = (322) @

o] [ep] -]+ e+ o]

)

200 )
+ = I -
C+IMg = loas  F(3) (322>(2> @
Assume no slipping occurs at the point of contact. Hence, (a4), = 5 ft/s. [ =
ay =ag + (ay6) + (a6
£
N

($)5=aG+3a &)
Solving Egs. (1), (2), and (3) yields:

F =9551b  ag= 1.538ft/s

a = 1.15 rad/s? Ans.

Since Fyay = (200 1b)(0.15) = 301b > 9.556 Ib OK

*17-108. A uniform rod having a weight of 10 b is pin
supported at A from a roller which rides on a horizontal
track. If the rod is originally at rest, and a horizontal force of

= 15 1b is applied to the roller, determine the
acceleration of the roller. Neglect the mass of the roller and
its size d in the computations.

Equations of Motion: The mass moment of inertia of the rod about its mass center is
. 1 ,_ 110 ) 2

given by I = e ml 12 (32 2)(2 ) = 0.1035 slug - ft". At the instant force F is

applied, the angular velocity of the rod w = 0. Thus, the normal component of

acceleration of the mass center for the rod (as), = 0. Applying Eq. 17-16, we have

10
2F, = m(ag); 15 = (322)aG ag = 483 ft/s?

10
CH+EIM, = 3(Mp),; 0= (322>(48 3)(1) — 0.1035
a = 1449 rad/s?

Kinematics: Since w = 0, (ag/4), = 0. The acceleration of roller A can be obtain by
analyzing the motion of points A and G. Applying Eq. 16-17, we have

ag = a, + (ag/a) + (ag/a)n

][] oo
() 483 = a, — 144.9
a, = 193 f/s? Ans.

Q/\b

Y

15 1b

IO b

r—‘t
—_1
Ift
<

(JG/A)e 44.9(1)

= 7

ft

(afvlk) 2

j;ag (449 radfs*

w=0
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¢17-109. Solve Prob. 17-108 assuming that the roller at A
is replaced by a slider block having a negligible mass. The
coefficient of kinetic friction between the block and the
track is u;, = 0.2. Neglect the dimension d and the size of
the block in the computations.

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

i _ b= L1000 2 : :
given by I = T mil® = 12(32-2)(2 ) = 0.1035 slug - ft°. At the instant force F is

applied, the angular velocity of the rod w = 0. Thus, the normal component of
acceleration of the mass center for the rod (ag),, = 0. Applying Eq. 17-16, we have

SF, = m(ag),; 10-N=0 N=1001b
1
SF, = m(ag), ; 15 — 0.2(10.0) = <%)aG ag = 41.86 ft/s’

10

32.2)(41.86)(1) — 0.1035

C+EIMy = Z(Mp)a; 0= (
a = 125.58 rad/s?

Kinematics: Since w = 0, (ag/4), = 0. The acceleration of block A can be obtain by
analyzing the motion of points A and G. Applying Eq. 16-17, we have

ag = a, + (ag/a) + (ag/a)n
{41.86} = {;;4{125.58(1)}[0]
(5) 41.86 = a, — 125.58
a, = 167 ft/s? Ans.

Lot F

\ /

151b

5’:0’2”

Il

[0 1b

It 4

T (.GG/AM, =0

<
)y=125580, w=0
Lo)y=125580) b X = 725.50 red s

17-110. The ship has a weight of 4(10°) Ib and center of
gravity at G. Two tugboats of negligible weight are used to
turn it. If each tugboat pushes on it with a force of
T = 2000 Ib, determine the initial acceleration of its center
of gravity G and its angular acceleration. Its radius of
gyration about its center of gravity is kg = 125 ft. Neglect
water resistance.

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

. ;400 9 ) .
center is Ig = mkg”® = YN (125%) = 1.941(10°) slug - ft*. Referring to the free-

body diagrams of the ship shown in Fig. a,

4(10°%)
+13F, = m(ag),; 2000 — 2000 = ———=a
a=0 Ans.
C+3Mg = I, 2000(100)+2000(200) = 1.941(10%)a

a = 030912(107%) rad/s> = 0.309(10°) rad/s>  Aums.

T'=2000 Ib

20001b G}F Y
[

(o]

zooft
IODf‘t 2000 ,b

)
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17-111. The 15-1b cylinder is initially at rest on a 5-1b
plate. If a couple moment M = 401b - ft is applied to the
cylinder, determine the angular acceleration of the
cylinder and the time needed for the end B of the plate to
travel 3 ft to the right and strike the wall. Assume the
cylinder does not slip on the plate, and neglect the mass of
the rollers under the plate.

Equation of Motions: The mass moment of inertia of the cylinder about its mass

1 1/ 15
center is given by Ig = Emr2 = E(E)(l.%z) = 0.3639 slug - ft>. Applying
Eq. 17-16 to the cylinder [FBD(a)], we have
15
CH+EMu = S(Moaz —40 = —( 557 Jag(1.25) = 0.363% @)
15
& EFX = m(aG)x; Ff = <E>a0 (2)
Applying the equation of motion to the place [FBD(b)], we have
B SF, = may: ~ (2
SF, = may Fr = 302 ap 3

Kinematics: Analyzing the motion of points G and A by applying Eq. 16-18 with
rga = {1.25§} ft, we have

aG = a, + a X Ig4 — 0TG4
—agi = (a), i + (an),j + ok X (1.25)) — «*(1.25j)
—agi = [(ax), — 125ali + [(a,), — 125 %]j
Equating i components, we have

ag = 1.25a — (aA)x (4)

Since the cylinder rolls without slipping on the plate, then ap = (ay),. Substitute
into Eq. (4) yields

ac = 125a — ap 5)

Solving Egs. (1), (2), (3), and (5) yields:
a = 73.27 rad/s? Ans.

ag = 22.90ft/s>  ap = 68.69 ft/s*>  F; = 10.671b
The time required for the plate to travel 3 ft is given by
1 2
s =395, + vat+§apt

1
3=0+4+0+ 3 (68.69)¢*

t =0.29s Ans.

M = 40 1b-ft

1.25 ft

I151b

B
@@@@@@@@@@
A

3ft

40 1b-ft Lx=03629x
@ Ep/ S
5ol A
N
@)
N+5b  Zp
= -—dn—-}Fi‘
T
()
W, x
a, N\
y S
b Gay
B
A
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*]17-112. 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
me = 0.4, respectively. Neglect friction at B.

Equation of Motions:

Disk:
+NIF, = m(ag), ; A, — Fc + 8(9.81) sin 30° = 8ag @
+/72F, = m(ag)y ; Ne — A, — 8(9.81) cos 30° = 2)
C+3M, = 1,0, Fo(03) = [%(8)(0.3)2}01 €))
Bar:
+N\IEF, = m(ag),; 10(9.81) sin 30° — A, = 10ag ()
+72F, = m(ag)y: Np + A, —10(9.81) cos 30° = 0 )
C+EMg = Iza —Npg (0.5 cos 17.46°) + A, (0.5 sin 17.46°)

+ A, (0.5c0s17.46°) = 0 (6)

Kinematics: Assume no slipping of the disk:
ag = 03 7
Solving Egs. (1) through (7):

A, =892N A, =4LIN Ny=439N

ag = 4.01 m/s?

a = 13.4 rad/s? Ans.
Ne = 109N

Fe=161N

(F)max = 0.6(109) = 654N > 16.1 N 0K

8(9.80N o(9BNN "~ 4

713




© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

¢17-113. Solve Prob. 17-112 if the bar is removed. The
coefficients of static and kinetic friction between the disk
and inclined plane are w, = 0.15 and u; = 0.1, respectively.

Equation of Motions:
+NEF, = m(ag)y; 8(9.81) sin 30° — F¢ = 8ag

+72F, = m(ag)y; —8(9.81) cos 30° + Nc =0

C+3Mg = Ige;  Fo(03) = B (8)(0.3)2%

Kinematics: Assume no slipping: ag = 0.3

Solving Egs. (1)-(3):
N¢ = 67.97N
ag = 327 m/s?
a = 10.9 rad/s?
Fe = 13.08N
(F)max = 0.15(67.97) = 102N < 13.08 N

Slipping occurs:

Fe = 0.1N¢
Solving Egs. (1) through (3):
Nc = 67.97N
a = 5.66 rad/s?
ag = 4.06 m/s?

@
(2

3)

NG

Ans.

8(9.80N o
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17-114. The 20-kg disk A is attached to the 10-kg block B ~U
using the cable and pulley system shown. If the disk rolls

without slipping, determine its angular acceleration and the & G

acceleration of the block when they are released. Also, what 02m

is the tension in the cable? Neglect the mass of the pulleys.

Equation of Motions:

Disk:
1 B

C+3IMic = S(Mp);c;  T(02) = — 5(20)(0.2)2 + 20(0.2) |a @
Block:
+I2F, = m(ag),;  10(9.81) — 2T = 10ap Q)
Kinematics:

2SB + Sq4 = l

2(13 = —ayu
Also,

a, = 02[1

Thus,

ag = —0.la 3)

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> | Ans.
a = —7.55rad/s* = 7.55 rad/s* D Ans.
T =453 N Ans.

Yo so0g80N T T

0.2m

A
Ic g @

10(4.81) N

|
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17-115. Determine the minimum coefficient of static ~U
friction between the disk and the surface in Prob. 17-114 so
that the disk will roll without slipping. Neglect the mass of = G
the pulleys. 0.2m
Equation of Motions:
. B
Disk:
1
C+EMe = S(Mpc; T(0.2) = —| =(20)(0.2)* + 20(0.2)? |« (6))
2 b a098)N

E3F,

m(ag)y; T + F4 = 20a, ¢ ;; aA
X

+12F, = m(ag), ; N, —20(9.81) = 0

Block: T
+I3F, = m(ag),;  10(9.81) — 2T = 10ap 7)) 0.2m
Kinematics: -

2SB + Sq4 = l FA: IC

2613 = —dy NA

Also, T

a, = 0.2«
Thus,
ag = —0.1a A3
Note the direction for a« and ap are the same for all equations. Solving
Egs. (1) through (3):
ag = 0.755 m/s?
a = —7.55rad/s? QB
T =453N
Also,
a, = 0.2(=7.55) = —1.509 m/s?, N, =1962N, F,=1509N /0(73') N

15.09

Mmin = m = 0.0769 Ans.
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*17-116. The 20-kg square plate is pinned to the 5-kg
smooth collar. Determine the initial angular acceleration
of the plate when P = 100 N is applied to the collar. The
plate is originally at rest.

Equations of Motion: The mass moment of inertia of the plate about its mass center

is I = im(cﬁ +b?) = %(20)(0.32 +0.3?) = 0.3kg-m>.

12
B 3F, = mag)y; 100 = Sa, + 20(ag), @
C+3IM, = S(w)a; 0= 20(ag), (0.3 sin 45°) — 0.3a Q2)

Kinematics: Applying the relative acceleration equation and referring to Fig. b,
ag = as + a X 1G4 — w2rG/A
(ag)ci + (ag)yj = asi + (—ak) X (—0.3sin45°j) — 0
(ag)ei + (ag)yj = (ay — 02121a)i
Equating the i and j components,
(ag)y = a4 — 02121 A3
(ag)y =0
Solving Egs. (1) through (3) yields:
ay =10m/s*> —
(ag)y = 2.5m/s?> —

a = 35.4 rad/s? Ans.

5(981)N

035145 °m 7
05sin4s°

L

'ZO<44 )x.
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¢17-117. The 20-kg square plate is pinned to the 5-kg
smooth collar. Determine the initial acceleration of the
collar when P = 100 N is applied to the collar. The plate is
originally at rest.

Equations of Motion: The mass moment of inertia of the plate about its mass center

is I = 11—2rn(a2 +b?) = 11—2(20)(0.32 +0.3?) = 0.3kg-m>.

BSF, = mag),; 100 = 5a, + 20(ag), §))
CH+IM, = Z(up) a5 0 = 20(ag),(0.3sin 45°) — 0.3« ?2)
Kinematics: Applying the relative acceleration equation and referring to Fig. b,
ag = ap + a Xrg/a — “’er/A
(ag)c i + (ag)yj = asi + (—ak) X (—0.3sin45%) — 0
(ag)si + (ag)yj = (ax — 02121)i
Equating the i and j components,
(ag)y = a4 — 02121 A3
(ag)y =0
Solving Egs. (1) through (3) yields
a, =10m/s> > Ans.

(ag)y = 25m/s? —

a = 354 rad/s?

5(481)N

05sin¢45°

4.
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17-118. The spool has a mass of 100 kg and a radius of
gyration of ks = 200 mm about its center of mass G. If a
vertical force of P = 200N is applied to the cable,
determine the  acceleration of G and the angular
acceleration of the spool. The coefficients of static and
kinetic friction between the rail and the spool are u, = 0.3
and u, = 0.25, respectively.

Equations of Motion: The mass moment of inertia of the spool about its mass center

is I = mkg? = 100(0.2%) = 4 kg~ m>.
E3F, = m(ag)y; F; = 100ag
+13F, = m(ag);; N —100(9.81) =200 =0 N = 1181N
CH+IMg = Iga 200(0.3) — F£(0.15) = 4
Kinematics: Assuming that the spool rolls without slipping on the rail,
ag = arg = a(0.15)
Solving Egs. (1) through (3) yields:
a = 9.60 rad/s?
ag = 144 m/s* «

F; = 144N

Since Fy < w, N = 0.3(1181) = 354.3 N, the spool does not slip as assumed.

@

(2)

3)

Ans.

Ans.

\

L03

004808 % o
m
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17-119. The spool has a mass of 100 kg and a radius of
gyration of k; = 200 mm about its center of mass G. If a
vertical force of P = 500 N is applied to the cable, determine
the acceleration of G and the angular acceleration of the spool.
The coefficients of static and kinetic friction between the rail
and the spool are uy, = 0.2 and u;, = 0.15, respectively.

Equations of Motion: The mass moment of inertia of the spool about its mass center
is I = mkg? = 100(0.2%) = 4 kg~ m>.

& SF, = m(ag);  Fy = 100ag §))
+T2Fy = m(ag)y; N —100(9.81) — 500 = 0 N = 1481 N
CH+EIMg = Ige; 500(0.3) — F¢(0.15) = 4a ?2)
Kinematics: Assuming that the spool rolls without slipping on the rail,
ag = arg = «(0.15) 3)
Solving Egs. (1) through (3) yields:
a = 24 rad/s? ag = 3.6 m/s’ F; = 360N

Since Fy > p N = 0.2(1481) = 296.2 N, the spool slips. Thus, the solution must be
reworked using Fy = u, N = 0.15(1481) = 222.15 N. Substituting this result into
Egs. (1) and (2),

222.15 = 100ag ag = 222 m/s* < Ans.

500(0.3) — 222.15(0.15) = 4a a = 29.17 rad/s* = 29.2 rad/s? Ans.

I :
03m 00BN
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#17-120. If the truck accelerates at a constant rate of 6m/s?,
starting from rest, determine the initial angular acceleration of
the 20-kg ladder. The ladder can be considered as a uniform
slender rod. The support at B is smooth.

Equations of Motion: We must first show that the ladder will rotate when the
acceleration of the truck is 6 m/s?. This can be done by determining the minimum
acceleration of the truck that will cause the ladder to lose contact at B, Nz = 0.
Writing the moment equation of motion about point A using Fig. a,

C+EM,=3(MpY s 20(9.81)cos 60°(2) = 20ay;, (2 sin 60°)
Apmin = 5.664 m/s?

Since a,;, < 6 m/ s?, the ladder will in the fact rotate. The mass moment of inertia about

1 1
its mass center is I = Eml2 = E(ZO)(42) = 26.67 kg - m%. Referring to Fig. b,
CHEIMy = (M) 4; 20(9.81) cos 60°(2) = —20(ag), (2 sin 60°)

— 20(ag), (2 cos 60°) — 26.67a (5}

Kinematics: The acceleration of A is equal to that of the truck. Thus,
a, = 6 m/s> — . Applying the relative acceleration equation and referring to Fig. c,

aG = a, + a X 1G4 — 0’tGa
(ag)si + (ag)yj = —6i + (—ak) X (=2 cos 60°i + 2sin 60°j) — 0
(ag)si + (ag)yj = (2sin60°a — 6)i + aj
Equating the i and j components,
(ag), = 2sin60°a — 6 2)
(ag)y = a (©)
Substituting Egs. (2) and (3) into Eq. (1),

a = 0.1092 rad/s?> = 0.109 rad/s> Ans.

20(98)N @),
2667
= 20,
P2
am o
A Ax. A

Ay %)
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¢17-121. The 75-kg wheel has a radius of gyration about its
mass center of kg = 375 mm. If it is subjected to a torque of
M = 100 N-m, determine its angular acceleration. The
coefficients of static and kinetic friction between the wheel
and the ground are u, = 0.2 and u, = 0.15, respectively.

Equations of Motion: The mass moment of inertia of the wheel about its mass
centeris Iy = mkg? = 75(0.3752) = 10.55 kg - m%. Writing the moment equation of
motion about point A,

C+IM, = S(My)4; 100 = 75a5(0.45) + 10.55« @
Assuming that the wheel rolls without slipping.
ag = arg = «(0.45) )

Solving Egs. (1) and (2) yields:

« = 3.886 rad/s? = 3.89 rad/s? Ans.

ag = 1.749 m/s?
Writing the force equation of motion along the x and y axes,
+12F, = m(ag),; N —75(9.81) = 0 N = 735.75N
& 3F, = m(ag),; Fy=75(1.749) = 131.15N

Since Fy < u N = 0.2(735.75) = 147.15N, the wheel does not slip as assumed.

75(981)N

@)
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17-122. The 75-kg wheel has a radius of gyration about its
mass center of kg = 375 mm. If it is subjected to a torque of
M = 150 N-m, determine its angular acceleration. The
coefficients of static and kinetic friction between the wheel
and the ground are u, = 0.2 and u; = 0.15, respectively.

Equations of Motion: The mass moment of inertia of the wheel about its mass
centeris Iy = mkg? = 75(0.3752) = 10.55 kg - m%. Writing the moment equation of
motion about point A, we have

CH+SM4 = S(w)a; 150 = 75a5(0.45) + 10.55a )

Assuming that the wheel rolls without slipping,
ag = arg = a(0.45) 2

Solving Egs. (1) and (2) yields

ag = 2.623 m/s?

a = 5.829 rad/s’
Writing the force equations of motion along the x and y axes,
+13F, = m(ag); N —75(9.81) =0 N = 735.75N
ESF, = mlag),;  Fy=752623) = 19672 N

Since F; > wN = 0.2(735.75) = 147.15 N, the wheel slips. The solution must be
reworked using Fy = w, N = 0.15(735.75) = 110.36 N. Thus,

ESF, = m(ag),: 11036 = 754 ag = 1.4715 m/s?
Substituting this result into Eq. (1), we obtain
150 = 75(1.4715)(0.45) + 10.55

a = 9.513 rad/s*> = 9.51 rad/s’ Ans.

75(9.81)N

(@)
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17-123. 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.

4m

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,

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

ag =a, +aX Y64 — wer/A
agi — 3i + (ax)nj + (ak X 0.5)) — 0?(0.5§)
agi = (3 — 0.5)i + [(a4), — 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(4:80)N
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