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R2-1. An automobile transmission consists of the
planetary gear system shown. If the ring gear R is held fixed
so that wp = 0, and the shaft s and sun gear S, rotates at
20 rad/s, determine the angular velocity of each planet gear
P and the angular velocity of the connecting rack D, which
is free to rotate about the center shaft s.

4
For planet gear P: The velocity of point A isv, = w,ry = 20<E> = 6.667 ft/s.
Vp = Vy + VB/A
4
0=16.667|+ —
[6:667] [“’”(12)}
4
& 0 = 6.667 — wp| 1 wp = 20 rad/s Ans.
For connecting rack D:
Ve = Vy + VC/A
2
=16.667| + | 20| —
] - o)+ ()
2
($) ve = 6.667 — 20(5) ve = 3.333 ft/s
The rack is rotating about a fixed axis (shaft s). Hence,
Uc = wprp
6
3333 = wp 12 wp = 6.67 rad/s Ans.

’Vb/f “)P ré/k
K: WpE) ((Dp

o A

Q
8

U= em
=20rbdfs
=20(%) '° 2orodf.
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R2-2. An automobile transmission consists of the
planetary gear system shown. If the ring gear R rotates at
wgr = 2rad/s, and the shaft s and sun gear S, rotates at
20 rad/s, determine the angular velocity of each planet gear
P and the angular velocity of the connecting rack D, which
is free to rotate about the center shaft s.

4
For planet gear P: The velocity of points A and B are vy = wgrg = 20(*)

12
8
=6.6607 ft/s and vg = wpry = Z(E) = 1.333 ft/s.

Vp = Vy + vB/A

-] (2]

<$> —~1.333 = 6.667 — wp(%) wp = 24 rad/s Ans.

For connecting rack D:

Vo = Vy + VC/A

[oc] - [oss] +[(2)]
<$> ve = 6.667 — 24(%) ve = 2.667 ft/s

The rack is rotating about a fixed axis (shaft s). Hence,

Ve = wpTp
2.667 = wD(%) wp = 5.33 rad/s Ans.
Vy=1-333FY/s Vsu=p T
W = Wp (1%) UOP
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R2-3. The 6-1b slender rod AB is released from rest when

it is in the horizontal position so that it begins to rotate Ao
clockwise. A 1-Ib ball is thrown at the rod with a velocity I
v = 50 ft/s. The ball strikes the rod at C at the instant the
rod is in the vertical position as shown. Determine the
angular velocity of the rod just after the impact. Take d
e=0.7andd = 2 ft. 3 ft
C
Datum at A: Q -
_—
T1+VI:T2+V2 U:50ft/s
111/ 6 b —
+0==|5(537)0)? |« — 6l B
0+0 2{3 (32.2>(3) }w 6(1.5)

® = 5.675 rad/s
G+ (Ha = (Ha)

g YeTve
S Ty ey ETE)
Ve = 2(02
Solving,
w, = 3.81rad/s Ans.
vy = —35.3ft/s
ve = 7.61 ft/s
oy
Al ——& W=5675redfs -
. WD
) 2
5675() ffs

e AR I
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*R2-4. The 6-1b slender rod AB is originally at rest,
suspended in the vertical position. A 1-1b ball is thrown at
the rod with a velocity v = 50 ft/s and strikes the rod at C.
Determine the angular velocity of the rod just after the
impact. Take e = 0.7 and d = 2 ft.

C+ (Ha) = (Ha)

(é)(so)(z) - E (&)(3)2})2 b))

32.2
_Yc T VBL
e =07 50-0
Ve = 2(1)2

Thus,
w, = 773 rad/s
VBL — —-19.5 ft/S

e

v =501ft/s

o €

Ans.

L
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R2-5. The 6-1b slender rod is originally at rest, suspended
in the vertical position. Determine the distance d where the 4
1-1b ball, traveling at v = 50 ft/s, should strike the rod so

that it does not create a horizontal impulse at A. What is the

rod’s angular velocity just after the impact? Take e = 0.5.

(e

Rod: 31t

C
C+ (Hgn + 2/MG dt = (Hg), —@ o

v=>50ft/s

o €

0+ /F dt(d — 1.5) = (é (m)(3)2)w
mve) + = /.F dt = m(vg),
0+ /F dt = m(1.50)
Thus,
m(15w)(d — 1.5) = %(m)(?a)zw

d=2ft Ans.

This is called the center of percussion. See Example 19-5.

C+ (H )1 = (Ha)

1 1 6 1
2 (50)(2) = {5 (@)(3)2}% Ty (vpL)(2)
_ V¢~ VBL
e=05= S0—0
Ve = 2(1)2
Thus,
wy = 6.82rad/s Ans.
vpr = —11.4 ft/s
W
A’ﬁ, U= W A@t
%:/-500
4;(:0 , X %
- — ——
W= 0Glb Uy
Wr=6lb Wy,

V/bz,lb d=2}t d’sz

F 501t/s U,
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R2-6. At a given instant, the wheel rotates with the A
angular motions shown. Determine the acceleration of the A T A |
collar at A at this instant. goo
Using instantaneous center method: o =8rad/s %
a = 16 rad /s>
_vg _ 8(0.15) 4157 rad

@AB T i 05tn30c o /s

ag = 16(0.15)i — 8 (0.15)j = {2.4i — 9.6j} m/s? B

a, = —ay, cos 60° + ay sin 60° a = ok rp4 = {—0.5i} m

ag=a, +aXrg,y— wer/A
2.4i — 9.6j = (—a, cos 60° + a, sin 60%) + (ak) X (—0.5i) — (4.157)%(—0.5i)
2.4i — 9.6 = (—ay cos 60° + 8.64)i + (—0.5a + a, sin 60°)j
Equating the i and j components yields:
2.4 = —a, cos 60° + 8.64 a, = 12.5m/s* — Ans.

—9.6 = —0.5a + (12.5)sin 60° a = 40.8rad/s> O

a)=4.157rad/s

Vbllc

/UB= 8 (O'I5) I'\/S

I (0g),=87(015) Mfs*

(as)t =/6(0:15) m/s*
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R2-7. The small gear which has a mass m can be treated as
a uniform disk. If it is released from rest at 6 = 0°, and rolls
along the fixed circular gear rack, determine the angular
velocity of the radial line AB at the instant § = 90°.

Potential Energy: Datum is set at point A. When the gear is at its final position
(6 = 90°), its center of gravity is located (R — r) below the datum. Its gravitational
potential energy at this position is —mg(R — r). Thus, the initial and final potential
energies are

Vi=20 V,=-mg(R —r)

Kinetic Energy: When gear B is at its final position (6 = 90°), the velocity of its

. Up . . .
mass center is vg = w, r or w, = — since the gear rolls without slipping on the
r

fixed circular gear track. The mass moment of inertia of the gear about its mass
center is Iz = —mr’. Since the gear is at rest initially, the initial kinetic energy is

2
T, = 0.The final kinetic energy is given by

1 1 1 1(1, z)(Eﬁ)z_.é >
AV A

T, =—mvy + =~ Iz =—mvy + —
2T 5 MV T 5 [pWg = 5 MUR

Conservation of Energy: Applying Eq. 18-18, we have

T1+V]:T2+V2

3
0+0= va% + [-mg(R — r)]

B [4g(R — 1)
VUp = 3

Thus, the angular velocity of the radical line AB is given by

wp = UB_ 48 Ans
ABTR—r N3R-7) )
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30 rad/s when it is brought into contact with the surface at
C.If the coefficient of kinetic friction is u;, = 0.2, determine
how long it will take for the cylinder to stop spinning. What
force is developed in link AB during this time? The axis of
the cylinder is connected to two symmetrical links. (Only
AB is shown.) For the computation, neglect the weight of
the links.

*R2-8. The 50-kg cylinder has an angular velocity of 500 mmT w=30rad/s
B

(+T) m(vay) + E[ZFydt = m(vay)2 50(75/_)“ ’y )
w

0+ Nc(t) — 50(9.81)(1) =0 N = 490.5N

(i)) m(v ) + E/ Fedt = m(vyy),
n

0 + 0.2(490.5)(t)—2F 45 (t) =0 F,p = 490N Ans.

Zhg

53
(g‘i‘) ]Ba)1+2/ MBdt:IBﬂ)z
L3

—B (50)(0.2)2}(30) + 0.2(490.5)(0.2)(t) = 0

t =1.53s Ans.

R2-9. The gear rack has a mass of 6 kg, and the gears each
have a mass of 4 kg and a radius of gyration of X = 30 mm
about their center. If the rack is originally moving
downward at 2 m/s, when s = 0, determine the speed of the
rack when s = 600 mm. The gears are free to rotate about
their centers, A and B.

2
Originally, both gears rotate with an angular velocity of w, = 005 40 rad/s. After
the rack has traveled s = 600 mm, both gears rotate with an angular velocity of
W, = OU%, where v, is the speed of the rack at that moment.

Put datum through points A and B.

T1+V1:T2+V2

%(6)(2)2 + {; [4(0.03)2](40)2} +0= %(6)1;% + 2{; [4(0.03)2]((;55)}—6(9.81)(0.6)

v, = 3.46m/s Ans.
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R2-10. The gear has a mass of 2 kg and a radius of
gyration k, = 0.15 m. The connecting link AB (slender
rod) and slider block at B have a mass of 4 kg and 1 kg,
respectively. If the gear has an angular velocity w = 8 rad/s
at the instant # = 45°, determine the gear’s angular velocity
when 6 = 0°.

w = 8rad/s

At position 1:

(o) = 16 e rad/s  (vg); =0
rA/IC 0.6

(UAB)l = (a)AB)l rG/lC = 26667(03) =0.8 m/S

.. 45°
At position 2: \/

(va)2  @(0.2)
= = = 0.2357
(wa)2 raic 0.6 )

cos 45°

(UB)Z = (wAB)Z rB/]C = 0.2357 (,02(06) = 01414(02

(UAB)Z = (a)AB)2 rG/IC = 02357 (1)2(06708) = 015810)2

T, = %[(z)(o.15)2}(8)2 + %(2)(1.6)2 + %(4)(0.8)2 + %{% (4)(0-6)2}(2-6667)2
=5.7067J
T, = %[(2)(0.15)2}(402)2 + %(2)(0.2 ) + %(4)(01581&’2)2
+ %{1172 (4)(0.6)2}(0.2357@)2 + %(1)(0-1414@)2

T, = 0.1258 w3

Put datum through bar in position 2.

V) = 2(9.81)(0.6 sin 45°) + 4(9.81)(0.3 sin 45°) = 16.6481J Vo, =0
T] + V] = T2 + V2

5.7067 + 16.6481 = 0.1258w3 + 0

w, = 133 rad/s

835



91962 _10_R2_p0827-0866 6/5/09 4:13 PM Page 836 $

© 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.

*R2-11. The operation of a doorbell requires the use of A
an electromagnet, that attracts the iron clapper AB that is P
pinned at end A and consists of a 0.2-kg slender rod to k =20 N/m 50 mm
which is attached a 0.04-kg steel ball having a radius of WWWWE
6 mm. If the attractive force of the magnet at C is 0.5 N

when the switch is on, determine the initial angular 40 mm
L T Ty
stretched 20 mm. c

B
Equation of Motion: The spring force is given by F, = kx = 20(0.02) = 0.4 N. The
1
mass moment of inertia for the clapper AB is (I p)4 = E(O.Z)(O.1342) + "
5 k;
2 2 2\ _ -3 .2 :
02(0.067°) + £(0.04)(0.006’) + 0.04(0.14?) = 1.9816(107 ke - m’.  Applying Ae
Eq. 17-12, we have % 505m 02(980N
2%
SMy=1 0.4(0.05) — 0.5(0.09 1.9816(107%) ) ) kil
+ = a; .4(0. — 0.5(0. = —1. ) a asme
A=1y (0.05) (0.09) A 004m ;E} 04N
a = 12.6 rad/s’ Ans. O-G:I—
0-04(280N
*R2-12. The revolving door consists of four doors which N~
are attached to an axle AB. Each door can be assumed to be 3t
a 50-1b thin plate. Friction at the axle contributes a moment
of 2 1b - ft which resists the rotation of the doors. If a woman
passes through one door by always pushing with a force A
P = 15 Ib perpendicular to the plane of the door as shown, Lo \
determine the door’s angular velocity after it has rotated 251t %
90°. The doors are originally at rest. & \‘
,,\f) P=151b

/
7 ft DG
Moment of inertia of the door about axle AB:
- i @ 2| — 2 B
Iip = 2{12 (32.2)(6) } = 18.6335 slug - ft

T] + 2U1_2: T2

0+ {15(2.5)(727) - z(Z)} = %(18.6335) o .

o = 2.45rad/s Ans.
R
2 bt
J
258 o
P=15 Ib _,h
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R2-13. The 10-Ib cylinder rests on the 20-1b dolly. If the
system is released from rest, determine the angular velocity
of the cylinder in 2 s. The cylinder does not slip on the dolly.
Neglect the mass of the wheels on the dolly.

For the cylinder,

)
(+) mlvey); + 3 / Fodt = m(vey)s
51

0 + 10sin 30°(2) — F(2) = (%)vc )

)
(C+) Icw1+2/ Mcd[:Isz
4
(L2065
0 + F(0.5)(2) = {2 (32.2)(0.5) }w )
For the dolly,

5]
(+N) mup)y + 3 / Fodt = m(upy)s
4

0 + F(2) + 205sin 30°(2) = (%)UD 3)

("r\) Vp = V¢ + VD/C
vp = ve — 05w ()]
Solving Egs. (1) to (4) yields:
w=0 Ans.

ve = 322 ft/s vp = 32.2ft/s F=0

101b

05t
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R2-14. Solve Prob. R2-13 if the coefficients of static and
kinetic friction between the cylinder and the dolly are
ws = 0.3 and u = 0.2, respectively.

For the cylinder,

)
(+\) m(vi’)l + E/ Fx’ dt = m(vi’)Z
b

0 + 105sin 30°(2) — F(2) = (%)W @)

5]
(C+) [Cw1+ E/ Mcdt:]sz
3

0+ F(0.5)() = B (%)(0.5)2}» Q)

For the dolly,

1)
(+N) m(upe); + / Fodt = m(vpe)s
n

0+ F(2) + 20sin 30°(2) = (%)vl) 3)
(+YN) vp=ve + vpre
vp = ve — 0.50w ()]
Solving Egs. (1) to (4) yields:
w=0 Ans.

ve = 3221ft)s vy =3221ft)s F

Il
o

Note: No friction force develops.

/01b

-

05t

838
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R2-15. Gears H and C each have a weight of 0.4 1b and a
radius of gyration about their mass center of (ky)z =
(kc)4 = 2 in. Link AB has a weight of 0.2 1b and a radius of
gyration of (k45) 4 = 3 in., whereas link DFE has a weight of
0.15 Ib and a radius of gyration of (kpg)p = 4.5in. If a
couple moment of M = 31b-ft is applied to link AB and
the assembly is originally at rest, determine the angular
velocity of link DE when link AB has rotated 360°. Gear C
is prevented from rotating, and motion occurs in the
horizontal plane. Also, gear H and link DE rotate together
about the same axle at B.

For link AB,
Up = WABTAB = W4B <E) = 05045
For gear H,
Up O.SO)AB )
Onp = ——— = = 2w
£ rB/IC 3/12 AB
1
WAB = EwDE
1 6
vp = (Ea)DE)E = 025wDE
- £
Principle of Work and Energy: For the system, 72 Jc’t
Tl + EU172 = T2 er'B
A =)

o =3[ (53)(0) o) A (53)(5) bin T
2 Yo (LA 2 (222) 250 Voo

2\322 21\322/\ 12 322

wpg = 132 rad/s Ans.

839



91962 _10_R2_p0827-0866 6/5/09 4:14 PM Page 840 $

© 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.

*R2-16. The inner hub of the roller bearing rotates with
an angular velocity of w; = 6 rad/s, while the outer hub 25 mm
rotates in the opposite direction at w, = 4 rad/s. Determine
the angular velocity of each of the rollers if they roll on the
hubs without slipping.

w,=4rad/s

Since the hub does not slip, vy = w;r; = 6(0.05) = 0.3 m/s and vy = wporp =
4(0.1) = 0.4 m/s.

Vp = Vyu + VB/A

o] = [0+ [“’(Oi“)}

(+1)  04=-03+0050 = 14rad/s) Ans.

Th=0-3mfs 0.05m

W
0-05m Y =0.4mfs
8 -
’Ub/r Wles
= 60(0'05)
840
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(+N)

()

(C+)

Solving,

R2-17. The hoop (thin ring) has a mass of 5 kg and is
released down the inclined plane such that it has a backspin
o = 8rad/s and its center has a velocity vG = 3 m/s as
shown. If the coefficient of kinetic friction between the
hoop and the plane is w; = 0.6, determine how long the
hoop rolls before it stops slipping.

myy; + E/Fydt = mvy,

0 + Ny, (1) — 5(9.81)¢ cos 30° = 0
N, = 42479N

Fj, = 0.6N;, = 0.6(42.479 N) = 25487 N
mv, + E/FX dt = mv,,
5(3) + 5(9.181) sin 30°(¢) — 25.487t = Svg

(He)1 + E/MG dt = (Hg),

—5(0.5)%(8) + 25.487(0.5)(1) = 5(0.5)2<g—(;)

vg = 2.75m/s

t =132s

o= 8rad/s

5(9.81)N
ooy

Fi=25487N
o5m

N,

Ans.

+N)

C+

R2-18. The hoop (thin ring) has a mass of 5 kg and is
released down the inclined plane such that it has a backspin
o = 8rad/s and its center has a velocity vG = 3m/s as
shown. If the coefficient of kinetic friction between the
hoop and the plane is u; = 0.6, determine the hoop’s
angular velocity 1 s after it is released.

See solution to Prob. R2-17. Since backspin will not stopin¢ = 1s < 1.32's, then

myy; + E/Fydt = mvy

0+ Ny (t) — 5(9.81)t cos 30° =

N, = 42479N

Fj, = 0.6N;, = 0.6(42.479 N) = 25487 N
(He)h + E/M dt = (Hg),

—5(0.5)%(8) + 25.487(0.5)(1) = —5(0.5) w

® = 219rad/s

o= 8rad/s

5(9.81)N
ooy

fi=25.487N

Ans.

o5m
Ny,
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R2-19. Determine the angular velocity of rod CD at the D
instant 6 = 30°. Rod AB moves to the left at a constant
speed of v 45 = Sm/s.
T A5

o m

x = t:f@ = 03cotf
¥ =v4p = —0.3csc? 00
Here 6 = wcp, vag = =5 m/s and 6 = 30°.
—5 = —0.03 csc? 30°(wcp) wcp = 4.17 rad/s Ans.
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*R2-20. Determine the angular acceleration of rod CD at D
the instant § = 30°. Rod AB has zero velocity, i.e., v 5 = 0,
and an acceleration of a,z = 2m/s? to the right when v

AB
0 = 30°. T T -

0.3
X = = 03coth
tan 6
¥ =vu = —03csc? 60

X =aup = —0.3{csc2 00 — 2 csc? 0 cot 092} = 0.3 csc? 9(2 cot 9% — 0)
Here(:) = Wcp,VAB — O,CIAB = Zm/sz,é = aCD,andO = 30°.
0 = —0.3 csc? 30°(wep) wep =0

2 = 0.3 csc? 30°[2 cot 30°(0)® — acp] acp = —1.67 rad/s? Ans.
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R2-21. If the angular velocity of the drum is increased
uniformly from 6 rad/s whent = 0to 12 rad/s whent = 5,
determine the magnitudes of the velocity and acceleration
of points A and B on the belt when ¢ = 1 s. At this instant
the points are located as shown.

Angular Motion: The angular acceleration of drum must be determined first.
Applying Eq. 16-5, we have

w=wy+ ot
12 =6+ a. (5)
a, = 1.20 rad/s?

The angular velocity of the drum at ¢ = 1 s is given by

®w=wy)t+ at=6+120(1) = 7.20rad/s

Motion of P: The magnitude of the velocity of points A and B can be determined
using Eq. 16-8.

4
vy =vg = wr = 7'20(6) = 2.40 ft/s Ans.
Also,
4 2
ay = (a)y = a.r =120 o)~ 0.400 ft/s Ans.

The tangential and normal components of the acceleration of points B can be
determined using Egs. 16-11 and 16-12, respectively.

4
(a)p = acr = 1'20(6) = 0.400 ft/52

4
_ 2 _ 2 _ 2
(a,)p = o?r = (7.20 )( N 2) 17.28 ft/s

The magnitude of the acceleration of points B is

ag = V(a)s + (a,)% = V0.400> + 17.28% = 17.3 ft/s? Ans.

844



91962 10 R2 p0827-0866 6/5/09 4:15 PM Page 845 $

© 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.

R2-22. Pulley A and the attached drum B have a weight
of 20 1b and a radius of gyration of kg = 0.6 ft. If pulley P
“rolls” downward on the cord without slipping, determine
the speed of the 20-1b crate C at the instant s = 10 ft.
Initially, the crate is released from rest when s = 5 ft. For
the calculation, neglect the mass of pulley P and the cord.

Kinematics: Since pulley A is rotating about a fixed point B and pulley P rolls down
without slipping, the velocity of points D and E on the pulley P are given by
vp = 04w, and vg = 0.8w,4 Where w4 is the angular velocity of pulley A. Thus, the
instantaneous center of zero velocity can be located using similar triangles.

X x + 04
= =04 ft
0dw, 08w,
Thus, the velocity of block C is given by
0.4
E = @4 Ve = 06(DA

0.6 04

Potential Energy: Datumn is set at point B. When block C is at its initial and final
position, its locations are 5 ft and 10 ft below the datum. Its initial and final
gravitational potential energies are 20(—5) = —100 ft - Ib and 20(—10) = —200 ft - Ib,
respectively. Thus, the initial and final potential energy are

V,=—-100ft-1b VvV, = —200ft-1b

Kinetic Energy: The mass moment of inertia of pulley A about point B is

20
Iz = mky = 302 (0.62) = 0.2236 slug - ft°. Since the system is initially at rest, the

initial kinetic energy is 7y = 0.The final kinetic energy is given by

1
TZZEva%-i-EIBw%\

1/ 20 1
=3 (@)(0.6%\)2 +3 (0.2236) w4

= 0.22360%

Conservation of Energy: Applying Eq. 18-19, we have
T1+Vi=T,+V,
0 + —100 = 0.22360% + (—200)
wy = 21.15rad/s
Thus, the speed of block C at the instant s = 10 ft is

ve = 06w, = 0.6(21.15) = 12.7 ft/s Ans.
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R2-23. By pressing down with the finger at B, a thin ring

having a mass m is given an initial velocity v; and a B
backspin w; when the finger is released. If the coefficient of
kinetic friction between the table and the ring is wu,
determine the distance the ring travels forward before the
backspin stops.

@1

Vi

Equations of Motion: The mass moment of inertia of the ring about its mass center
is given by I; = mr?. Applying Eq. 17-16, we have

+13F, = m(ag),; N-mg=0 N=mg
BIF, = m(ag), pmg = mag  ag = pg
C+IMg =Iga; wmgr = mr’ a a:Lg

r

Kinematics: The time required for the ring to stop back spinning can be determined
by applying Eq. 16-5.

w=w)t+ a.t

+) 0=0w + (—'%g)t

The distance traveled by the ring just before back spinning stops can be determine
by applying Eq. 12-5.

& s=s0+v0t+lact2
< 2

wr 1 wr 2
1 18 2( ©g) g

— Qu; — wyr Ans.
g 1 1
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*R2-24. The pavement roller is traveling down the incline
at v; = 5 ft/s when the motor is disengaged. Determine the
speed of the roller when it has traveled 20 ft down the
plane. The body of the roller, excluding the rollers, has a
weight of 8000 1b and a center of gravity at G. Each of the
two rear rollers weighs 400 1b and has a radius of gyration of
k4 = 3.3 ft. The front roller has a weight of 800 Ib and a
radius of gyration of kp = 1.8 ft. The rollers do not slip as
they turn.

The wheels roll without slipping, hence w = UTG

n= (e 3l (5s)e () (B3| G)

= 4168.81 ft- Ib

n (e (G )er () B3 )owr 55

= 166.753 v*

Put datum through the mass center of the wheels and body of the roller when it is in
the initial position.

V1:0

Vs

—800(20 sin 30°) — 8000(20 sin 30°) — 800(20 sin 30°)

—96000 ft- 1b
Tl + V1 = Tz + Vz
4168.81 + 0 = 166.753v% — 96000

v = 245 ft/s Ans.

R2-25. The cylinder B rolls on the fixed cylinder A without
slipping. If bar CD rotates with an angular velocity
wcp = 5rad/s,determine the angular velocity of cylinder B.
Point C is a fixed point.

vp = 5(04) = 2m/s

wp = % = 6.67 rad/s
(Vp = “’cp rép
0-4m 4
tep
Wey=5radfs
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R2-26. The disk has a mass M and a radius R. If a block of
mass m is attached to the cord, determine the angular
acceleration of the disk when the block is released from
rest. Also, what is the distance the block falls from rest in
the time ¢?

1
Iy = - MR*
)

1
C +2ZMp = ZtMy)y;  mgR = EMR2 (2) + m(aR)R

_ 2mg
T RM + 2m)

h
The displacement 7 = R, hence 6 = R

1 2
9—90+w0t+5act

h 1 2mg )
=040+ (o)A
R 2(R(M+2m)
mg )
h=——02
M + 2m

Mg

"¢

Ans.

Ans.

La

ma.=m(R)
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R2-27. The tub of the mixer has a weight of 70 1b and a

radius of gyration ks = 1.3 ft about its center of gravity G.

If a constant torque M = 60 1b - ft is applied to the dumping

wheel, determine the angular velocity of the tub when it has 0.8 ft
rotated # = 90°. Originally the tub is at rest when 6 = 0°.

Neglect the mass of the wheel.

—

Tl + EUl*Z = T2

0+ 60(%) ~70(0.8) = %[(%)(13)2}@)2 + %{%}(0.8(»)2

w = 3.89 rad/s Ans.

Oy M=60 Ib-ft
701b

*R2-28. Solve Prob. R2-27 if the applied torque is
M = (500) b - ft, where 6 is in radians. 0

Tl + 2U1_2 = T2 081t

/2
11/ 70 .1 { 70 } 5
+ —70(0.8) = ~| | == (.. + = |=——=|(.
0 /0 506 d6 — 70(0.8) 2[(32.2)(13) }w 1322 (0.8w)

o = 1.50 rad/s Ans.
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R2-29. The spool has a weight of 30 1b and a radius of
gyration ko = 0.45 ft. A cord is wrapped around the spool’s
inner hub and its end subjected to a horizontal force
P = 51b. Determine the spool’s angular velocity in 4 s
starting from rest. Assume the spool rolls without slipping.

seesaw, which has negligible mass. At the instant the man
lifts his feet from the ground, determine their accelerations
if each sits upright, i.e., they do not rotate. The centers of
mass of the man and boy are at G,, and Gy, respectively.

CHEM4=2(M)a;  40(981)(2) — 75(981)(1.5)
= —40a, (2) — 75a,, (1.5)

Since the seesaw is rotating about point A, then

a a
a= Eb = 1*"' or a,, = 0.75a,
Solving Egs. (1) and (2) yields:
a, =145m/s>  a, = 1.94m/s’

(+D) IAw1+E/2MAdt=IAw2
30 30 ? W
0+ 50.6)(4) = | [ == )45 + [ == )0.9) |w 301b
{(32.2) (32.2) } ? W
w, = 12.7rad/s Ans. X
P=51b
>
0.6t |
RoTA
Na
R2-30. The 75-kg man and 40-kg boy sit on the horizontal

(1]

(2]

Ans.

9
mem T 15
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R2-31. A sphere and cylinder are released from rest on
the ramp at ¢t = 0. If each has a mass m and a radius r,
determine their angular velocities at time ¢. Assume no
slipping occurs.

Principle of Impulse and Momentum: For the sphere,

)
(+Q) IA(L)l‘I‘E/ MAdIZIA(x)z
5}

0 + mg sin 6(r)(t) = Eer + mrz}(ws)z

(w5)y = 5gsin 6 , A
wg ) = 7 ns.
Principle of Impulse and Momentum: For the cyclinder,
5]
("rg) IA(,()1+E/ MAd[=IAa)2
131
: L 5 2
0 + mgsin 6(r)(t) = Smr + mre |(wc),
_ 2gsin A
(wc)2 = 3 t ns.
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*R2-32. At a given instant, link AB has an angular
acceleration a,p = 12rad/s> and an angular velocity
wyp = 4rad/s. Determine the angular velocity and angular
acceleration of link CD at this instant.

Ve = Vg + Ve

ve | _| 10 +[2ch]
30° 4595 |

(&) ve cos 30° = 10 cos 45° + 0

(+1)  vesin30° = — 10sin 45° + 2wpe
wpc = 5.58 rad/s

ve = 8.16 ft/s

8.16
wep = 5 T 5.44 rad/s Ans.

ac = ag + ac/B

4444 | | (ac) | _| 30 |, | 40 +{2(5'58)2}+|:2ch:|
~%60° 30°7 45°% 45°7 e !

(&) —44.44 cos 60° + (ac), cos 30° = 30 cos 45° + 40 cos 45° + 62.21
(+1) 44.44 sin 60° + (ac), sin 30° = —30sin 45° + 40 sin 45° + 2apc

(ac), = 155ft/s*>  apc = 54.4rad/s?

acp = % = 103 rad/s*d Ans.
Vs=Whs %,
o = 4-‘(?2 f;) =/ Oﬂ/S
2H | Rt N
e
» S0 W
BC ’UC |
’Uqg'-'wbc Iesm
=20
CARLY? (Gesp)=Wee 12,
)t= 12.(2°5) Téoﬂ/s ‘2# " =58 5)(2) Hf
. Qg

(Té/e

4k 4 Wye=5.58 rodfe
¢ @y (" boro0
@)y = Whs e @ Wepio
= G%)(25) =40 =(6-44%)(15)
= 4444 lefee

)= [
=20,
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R2-33. At a given instant, link CD has an angular
acceleration acp = Srad/s> and an angular velocity
wcp = 2 rad/s. Determine the angular velocity and angular
acceleration of link AB at this instant.

ric-c 2 _
sin45°  sin 75° ric-c = 14641t

fiecep _ 2 .
sin 60°  sin 75° ric-p = 1.793 ft

wpc = m = 2.0490 rad/s
Vg = 2.0490(1.793) = 3.6742 ft/s
3.6742
Wap =5 = 1.47 rad/sd Ans.

v (3.6742)°
(aB)n B 19: ¥ B 25

2 2

_ Ve _ (3) _ 2

(ac), = ren " 15 6 ft/s

= 5.4000 ft/s’

(ac), = acp(rep) = 5(1.5) = 7.5 ft/s?
ap = ac + a X rgc — o rp;c
—5.400 cos 45°1 — 5.400 sin 45°j — (ap), cos 45° + (ap), sin 45°% = 6sin 30°i — 6 cos 30°j
—7.5 cos 30°% — 7.5sin 30% + (ak) X (—2i) — (2.0490)%(—2i)
—3.818 — (ap),(0.7071) = 3 — 6.495 + 8.3971
—3.818 + (ap),(0.7071) = —=5.1962 — 3.75 — 2«
(ap), = —12.332 ft/s?

a = 1.80 rad/s?

12.332
Y 493 rad/s> D Ans.

[ =r (| Gon=540%e @ITEHE 0 - 6 s

V= Weplep
‘= 205)= 345
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R2-34. The spool and the wire wrapped around its core
have a mass of 50 kg and a centroidal radius of gyration of
kg = 235 mm. If the coefficient of kinetic friction at the
surface is u;, = 0.15, determine the angular acceleration of
the spool after it is released from rest.

I = mkZ% = 500(0.235)* = 2.76125 kg - m?

+/2F, = m(ag)y;  50(9.81)sin45° — T — 0.15Np = 50as a
+ NZF, = m(ag)y ; Np — 50(9.81) cos 45° = 0 )
C+3IMg = Iga; T(0.1) — 0.15N(0.4) = 2.76125« 3

The spool does not slip at point A, therefore

ag = 0.1a )

Solving Egs. (1) to (4) yields:
Ny =3468N T =281.5N  a; = 02659 m/s

o = 2.66 rad/s?D Ans.

50(9.8))N

854



91962 10 R2 p0827-0866 6/5/09 4:18 PM Page 855 $

© 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.

R2-35. The bar is confined to move along the vertical and
inclined planes. If the velocity of the roller at A is
vy = 6ft/s when 6 = 45°, determine the bar’s angular
velocity and the velocity of B at this instant.

spcos 30° = 5sin 6

sp = 5.774sin 6

Sp = 5.774 cos 00 )
5cosf = s, + sgsin 30°

—5sin06 = 5, + §psin 30° 7))

Combine Egs. (1) and (2):

~5sin66 = —6 + 5.774 cos 6(6)(sin 30°)

—3.5360 = —6 + 2.0419 =
w = 0 = 1.08 rad/s Ans. 5‘Ft () 54
From Eq. (1),
vg = sp = 5.774 cos 45°(1.076) = 4.39 ft/s Ans. : >\
0 SD -

*R2-36. The bar is confined to move along the vertical
and inclined planes. If the roller at A has a constant velocity
of v, = 6 ft/s, determine the bar’s angular acceleration and

the acceleration of B when 6 = 45°. lv A

See solution to Prob. R2-35.

Taking the time derivatives of Egs. (1) and (2) yields:

ag = sy = —5.774sin 6(6)* + 5.774 cos 6(6)
~5¢0s 60 6% — 5sin6(6) = 5,4 + 5psin 30°

Substitute the data:

ag = —5.774 sin 45°(1.076)% + 5.774 cos 45°(6)

—5 cos 45°(1.076)? — 5sin 45°(6) = 0 + ay sin 30°

ap = —4.726 + 4.083 6 ——
ap = —8.185 — 7.071 6 50 S Sa
Solving:
6 = —0.310 rad/s’ Ans. >\
ag = —5.99 ft/s’ Ans. Z
)} (4
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R2-37. The uniform girder AB has a mass of 8 Mg.
Determine the internal axial force, shear, and bending
moment at the center of the girder if a crane gives it an
upward acceleration of 3 m/s’.

Equations of Motion: By considering the entire beam [FBD(a)], we have
+13F, = ma,; 2T sin 60° — 8000(9.81) = 8000(3)

T = 59166.86 N

From the FBD(b) (beam segment),

C+3My=S(Myo; M + 4000(9.81)(1)
—59166.86 sin 60°(2) = —4000(3)(1)

M = 51240N+-m = 512kN-m Ans.
B SF, = m(ag), ; 59166.86 cos 60° + N = 0
N = —29583.43 N = —29.6 kN Ans.

+13F, = m(ag),;  59166.86 sin 60° — 4000(9.81) — V = 4000(3)

V=0 Ans.
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R2-38. Each gear has a mass of 2 kg and a radius of gyration
about its pinned mass centers A and B of k, = 40 mm.
Each link has a mass of 2 kg and a radius of gyration about
its pinned ends A and B of k; = 50 mm. If originally the
spring is unstretched when the couple moment
M = 20 N -m is applied to link AC, determine the angular
velocities of the links at the instant link AC rotates § = 45°.
Each gear and link is connected together and rotates in the
horizontal plane about the fixed pins A and B.

Consider the system of both gears and the links.

The spring stretches s = 2(0.2 sin 45°) = 0.2828 m.

T] + 2U1_2 = T2

0+ {20(2) - ;(200)(0.2828)2} = 2{;[(2)(0.05)2 + (2)(0.04)2]w2}

an

o = 30.7 rad/s Ans. (s

g
> &)

Note that work is done by the tangential force between the gears since each move. N
For the system, though, this force is equal but opposite and the work cancels.

R2-39. The 5-1b rod AB supports the 3-1b disk at its end A. \ 3 fit
If the disk is given an angular velocity wp = 8 rad/s while
the rod is held stationary and then released, determine the
angular velocity of the rod after the disk has stopped
spinning relative to the rod due to frictional resistance at the
bearing A. Motion is in the horizontal plane. Neglect friction
at the fixed bearing B.

Conservation of Momentum:

C+2(Hp) = Z(Hp),

(oo [k

+B (3237)(0.5)2}() + (3237)(&0)(3)

» = 0.0708 rad/s Ans.
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*R2-40. A cord is wrapped around the rim of each 10-1b
disk. If disk B is released from rest, determine the angular
velocity of disk A in 2 s. Neglect the mass of the cord.

Principle of Impulse and Momentum: The mass moment inertia of disk A about

1/ 10
point O'is Ip = (@)(0.52) = 0.03882 slug - ft%. Applying Eq. 19-14 to disk A 05 ft/

[FBD(a)], we have

5]
10(1)1 + 2/ Modl = Ioa)z
4

(+) 0 — [T(2)](0.5) = —0.03882w 4 1)

1/ 10
The mass moment inertia of disk B about its mass center is /5 = 5 (E)(O.Sz) =
0.03882 slug - ft>. Applying Eq. 19-14 to disk B [FBD(b)], we have

15}
m(vcy>1 + E/ Fy dt = m(vg}_)l
1

+M 0+ T(2) —10(2) = —(312%)% Q)

5]
Icw1 + 2/ M(;dl = IGwZ
131

€ +) 0 — [T(2)](0.5) = —0.03882wp A3)

Kinematics: The speed of point C on disk B is ve = wyry = 0.50,4. Here,
ve/g = wprejc = 0.5wp which is directed vertically upward. Applying Eq. 16-15,

we have
Ve = Vg + Ye/G (b)
0.5(1)A = [‘UG:| + 05(1)3
l l 1
0-5ft
+h —0.50,4 = —vg + 050w @) €
| | We
Solving Egs. (1), (2), (3), and (4) yields:
N
w, = S1.5rad/s Ans. G
wp = 51.52 rad/s vg = 51.52 ft/s T =2.001b
R A
/VC=O'5COA
<)
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R2-41. A cord is wrapped around the rim of each 10-1b
disk. If disk B is released from rest, determine how much
time ¢ is required before A attains an angular velocity
w, = Srad/s.

Principle of Impulse and Momentum: The mass moment inertia of disk A about

1/ 10
point O is I, = 5(m>(0.52) = 0.03882 slug - ft%. Applying Eq. 19-14 to disk A

[FBD(a)], we have

0.5 ft

5]
Ioa)l + 2/ Modt = 10(1)2
51

(+) 0 — [T(1)](0.5) = —0.03882(5) @)

L . . . 1/ 10
The mass moment inertia of disk B about its mass center is I; = ( )

2\322
(0.5%) = 0.03882 slug - ft%. Applying Eq. 19-14 to disk B [FBD(b)],

we have
o)+ 2 [ Fd = m{ug ),
+h 0+ T(t) — 10(t) = —(312%)1;6 )
Igw, + z/ttzMG dt = Ig o,
(C +) 0 — [T(1)](0.5) = —0.03882w 3)

Kinematics: The speed of point C on disk B is v¢ = wyry = 0.5(5) = 2.50 ft/s.
Here, v¢/6 = wprejg = 0.5wp which is directed vertically upward. Applying Eq.
16-15, we have

Ve = Vg + VC/G

|:250J = |:‘UGJ + OS(UB
l ! 1

+M —2.50 = —vg + 0.5wp [4]

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

t =0.194s Ans.

wg = 5.00 rad/s v = 5.00 ft/s T =2.001b
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R2-42. The 15-kg disk is pinned at O and is initially at rest.
If a 10-g bullet is fired into the disk with a velocity of
200 m/s, as shown, determine the maximum angle 6 to which
the disk swings. The bullet becomes embedded in the disk.

C+(Ho) = (Ho),
0.01(200 cos 30°)(0.15) = {[%(15)(0.15)2 +15(0.15) |

o = 0.5132 rad/s

Tl + Vl = T2 + V2
11
3 5(15)(0.15)2 + 15(0.15)2}(0.5132)2 + 0 =0+ 15(9.81)(0.15)(1 — cos 6)
0 = 4.45° Ans.

Note that the calculation neglects the small mass of the bullet after it becomes
embedded in the plate, since its position in the plate is not specified.

o5 (1-Cos6)

W=/5(981)N

S
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R2-43. The disk rotates at a constant rate of 4 rad/s as it
falls freely so that its center G has an acceleration of
32.2 ft/s*. Determine the accelerations of points A and B on
the rim of the disk at the instant shown. A

ay =ag + (ay6) + (as6)

|:(aA)xj| + |:(a,4)y:| = {32.2} + 0+ [(4)2(1.5)] w=4rad/s B
- i ! !
( - ) (aA)x =0

(+1) (@), = =322 — (4)*(1.5) = =562 ft/s* = 56.2 ft/s* |
ay = (ay), = 562 ft/s* | Ans.

ag = ag + (ag); + (ap/c)n

{(ZB)X} + [(?B)y] = {33.2} +0+ {(4)251.5)}

(—t) (ap), = —(4)X(1.5) = =24 ft/s> = 24 ft/s> <

—_
+
—
—

(ap), = =322 ft/s? = 32.2 /s> |

ag = V(ap): + (ap); = V24 + 3227 = 402 ft/s Ans.
(ap)y 322

= -1 = === = 53.3° Ans.

0 = tan <(03)x tan ( 2 ) 53.3°>7 ns

@ =Wry
e Gah” 2 16

A

> (Gax. - (@tg)e=0
|58t K w=4radfs |
Zq wo %] e\ | w-4radfs
)6
J O, = 322 ftfe>

|54t

155
w=4radfs [ ’l W=4radfs |
06=0/] (619)1 4 =?V ( ,
RNy
G| i T AU
X olq
Qg=32-2 ftfs*

(@ss6),=0
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*R2-44. The operation of “reverse” for a three-speed
automotive transmission is illustrated schematically in the
figure. If the shaft G is turning with an angular velocity of
wg = 60 rad/s, determine the angular velocity of the drive
shaft H. Each of the gears rotates about a fixed axis. Note
that gears A and B,C and D, E and F are in mesh. The
radius of each of these gears is reported in the figure.

90
wc = wg = EwG = %(60) = 180 rad/s

rec 30
= wp = -Cwe =2 (180) = 108 rad
wp = wp P we =5y (180) rad/s
70
wg = :—in = < (108) = 126 rad/s Ans.

R2-45. Shown is the internal gearing of a “spinner” used
for drilling wells. With constant angular acceleration, the
motor M rotates the shaft § to 100 rev/min in ¢ = 2s
starting from rest. Determine the angular acceleration of
the drill-pipe connection D and the number of revolutions
it makes during the 2-s startup.

For shaft S,

w=w)t+ a.t

100(27)

o —O0tas (2)  ag=5236rad/s

1 2
6 = 60+ w0t+§acl

1
6s=0+0+ 3 (5.236)(2)? = 10.472 rad

For connection D,

_rs o _ 60 _ 2
ap = . @ = 750 (5.236) = 2.09 rad/s Ans.
60
Op = 50 = —— (10.472) = 4.19 rad = 0.667 rev Ans.
5 T 150
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R2-46. Gear A has a mass of 0.5 kg and a radius of
gyration of k4 = 40 mm, and gear B has a mass of 0.8 kg
and a radius of gyration of kg = 55 mm. The link is pinned
at C and has a mass of 0.35 kg. If the link can be treated as a
slender rod, determine the angular velocity of the link after
the assembly is released from rest when # = 0° and falls to
6 = 90°.

Kinematics: The velocity of the mass center of gear A is vp = 0.25 wcp, and since is
rolls without slipping on the fixed circular gear track, the location of the
instantaneous center of zero velocity is as shown. Thus,

Up _ 0.25 [O76)))

wy = = SwCD VE = WaATE/C = SwCD (01) =0.5 wcp

rD/IC B 0.05

The velocity of the mass center of gear B is vp = 0.125w¢p. The location of the
instantaneous center of zero velocity is as shown. Thus,

Vg 0.5 wWcp
T T4 T Pwep

wp =

rE/(IC)l 0.1

Potential Energy: Datum is set at point C. When gears A, B and link AC are at their

initial position (# = 0°), their centers of gravity are located 0.25 m, 0.125 m, and

0.125 m above the datum, respectively. The total gravitational potential energy when

they are at these positions is 0.5(9.81)(0.25) + 0.8(9.81)(0.125) + 0.35(9.81)(0.125)
= 2.636 N - m. Thus, the initial and final potential energy is

V,=2636Nm V,=0

Kinetic Energy: The mass moment of inertia of gears A and B about their mass center
is Ip = 0.5(0.042) = 0.8(10°) kg-m? and I = 0.8(0.055?) = 2.42(107%) kg - m>.
The mass moment of inertia of link CD about point C is (Icp)c = % (0.35)(0.252) +

0.35(0.125%) = 7.292(107%) kg - m?. Since the system is at rest initially, the initial kinetic

energy is Ty = 0.The final kinetic energy is given by

1 1 1 1 1
T, = EmAU%) + EID(U%L\ + Emb’v% + EIFw% * E(ICD)CG%D

= %(0.5)(0.25 wep)? + %[0.8(10*3)}(5%0)2 + %(0.8)(0.125 wcp)?
+ %[2.42(10*3)](5 wep) + %[7.292(10*3)}(&@)

= 0.06577 w&p

Conservation of Energy: Applying Eq. 18-19, we have

Tl + Vl = T2 + V2
0 + 2.636 = 0.06577 wép

wcp = 6.33 rad/s Ans.
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R2-47. The 15-kg cylinder rotates with an angular F=6N
velocity of w = 40rad/s. If a force F = 6 N is applied to
bar AB, as shown, determine the time needed to stop the

rotation. The coefficient of kinetic friction between AB and 400 mm | 500 mm
the cylinder is u; = 0.4. Neglect the thickness of the bar. (" C ]
. A 150 mm B
For link AB, C
w

C+3SMp=0; 6(09) — Ny(05) =0 Np=108N

Ic = %mrz = %(15)(0.15)2 = 0.16875 kg - m? l

C+SMe = Iea:  —04(108)(0.15) = 0.16875(a)  a = —3.84 rad/s>
C+ow =wy + at

0=40 + (—3.84)¢

t =104s Ans.
F=6N Ne=/0-8N
L 0.4m o5m
Al F:/I AIE
F,Ls [ %t 15G.8)N e oo
E ; T Bx 015m’ qll 50{,
X

NEe B}f

*R2-48. 1If link AB rotates at w,p = 6 rad/s, determine
the angular velocities of links BC and CD at the instant
shown.

Link AB rotates about the fixed point A. Hence,
vg = waprap = 6(0.25) = 1.5m/s
For link BC,
rgjic = 0.3 cos 30° = 0.2598 m reyic = 0.3 cos 60° = 0.15m

. 1.5
rB/[C 0.2598

wpc = = 5.77 rad/s Ans.
Ve = Wpc rc/IC = 577(015) = 0.8660 m/s
Link CD rotates about the fixed point D. Hence,

Uc = @WcpTep

0.8660 = wep (04)  wep = 2.17tad/s Ans.
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R2-49. If the thin hoop has a weight W and radius r and is
thrown onto a rough surface with a velocity v parallel to
the surface, determine the backspin, e, it must be given so
that it stops spinning at the same instant that its forward
velocity is zero. It is not necessary to know the coefficient of
kinetic friction at A for the calculation.

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

w
is given by I = mr? = ? 2. Applying Eq. 17-16, we have

+ 13F, = m(ag),; N-W=0 N=W
w
B IF, = m(ag), ,U«W:?ac ag = ug
w
C+3IMg =15 /.LWI'Z;an a:,u7g

Kinematics: The time required for the hoop to stop back spinning can be
determined by applying Eq. 16-5.

w=w)t+ al

(C+) o=w+(—“—g)t1

r

l]zig
%
N

The time required for the hoop to stop can be determined by applying Eq. 12—4.
( & ) v=uvy + at
0=v5+ (—ug)t2

VG
1224

1, =

It is required that t; = t,. Thus,

wr _ Y6
1224 1524
v
0= Ans.

865



91962 _10_R2_p0827-0866 6/5/09 4:23 PM Page 866 $

© 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.

R2-50. The wheel has a mass of 50 kg and a radius of
gyration kg = 0.4 m. If it rolls without slipping down the
inclined plank, determine the horizontal and vertical
components of reaction at A, and the normal reaction at the
smooth support B at the instant the wheel is located at the
midpoint of the plank. The plank has negligible thickness
and has a mass of 20 kg.

Equations of Motion: Since the tire rolls down the plane without slipping, then
ag = ar = 0.6a.The mass moment of inertia of the tire about its mass center is given

by I = mk = 50(0.42) = 8.00 kg - m?. Applying Eq. 17-16 to [FBD(a)], we have

N+3F, = m(ag)y: N —50(9.81)cos30° =0 N =42479N

50(3OUN oL a

CHSFy = m(ag)y 50(9.81) sin 30° — Ff = 50(0.6) )

C+3Mg = Iga F4(0.6) = 8.00a @)
Solving Egs. [1] and [2] yields
Fy=7546N  a = 5.660rad/s’
Equations of Equilibrium: From FBD(b).
C+EZIM, =0, Np(4) — 20(9.81) cos 30°(2) — 424.79(2) = 0

Np =29735N =297 N Ans.

+13F, =0, A, +297.35cos 30° — 20(9.81)
— 424.79 cos 30° — 75.46 5in 30° = 0

A, = 344N Ans.

5 2F, =0 A, + 424.79 sin 30° — 75.46 cos 30° — 297.35sin 30° = 0

A, =163N Ans.
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