—— The stepped disk weighs 40 Ib and its mass moment of

!
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imertia is / = 0.2 slug-ft’. If it is released from rest, how long
does it take the center of the disk to fall 3 feet? (Assume that
the string remains vertical )

2. A soccer player kicks the ball to a teammate 20 fi away.

h ball jeaves his foot moving paraliel to the ground at 20 fi/s
with no initial angular velocity. The coefficient of kinetic friction
between the ball and the grass is u, = 0.4. How long does it take
the ball to reach his tcammate? (The ball is 28 in. in circumference
and weighs 14 oz. Estimate its mass moment of inertia by using

A

.~ The 100-kg cylindrical disk is at rest when the force F
is applied to a cord wrapped around it. The static and kinetic
coefficients of friction between the digk and the surface equal 0.2,
Determine the angular acceleration of the disk if (a) F = 500 N;
(b} F = 1000 N.

Strategy: First solve the problem by assuming that the disk
does not slip, bur mils on the surface, Determine the friction
force and find out whether it exceeds the product of the friction
coefficient and the normal force. If it does, you must rework the
problem assuming thal the disk slips.

J{ The ring gear is fixed. The mass and mass moment of
incrtia of the sun gear are mg = 22 slugs, Fs = 4400 slug-ft’.
The mass and mass moment of incrtia of esch planet gear are
mp = 2.7 slogs, Fp = 65 slug-ft®, If a couple M = 600 f-Ib is
applied 1o the snn gear, what is the resulting angular acceleration
of the planet gears, and what tangential force is exerted on the
sun gear by each planet gear?

.~ Ring gear

Planet gears (3)

™ sun gear

the oquation for a thip spherical shell: 7 = ZmR2)

<meghe

% _ The slender bar weighs 20 |b and the crate weighs 80 Ib.
The surface the crate rests on is smooth. If the system is stationary
at the instant shown, what couple M will cause the crate to
accelerate to the left at 4 ft/s” at that instant?

. I- . 2ft 41

6

—— The 18-kg ladder is held in equilibrium in the position
shown by the force F. Model the ladder as a slender bar ad
neglect friction.

(a) What arc the axial force, shear force, and bending moment at
the ladder’s midpoint?
(®) K (he force F is suddenly removed, what sre the axial force,

shear force, and bending moment at the ladder’s midpoint at that
instan(?
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Problem 7.35 The stepped disk weighs 40 ib. and its
moment of inertia is / =0.2 slug- ft’. If it is released from
rest, how long does it take the center of the disk to fall three
feet? (Assume that the string remains vertical.)
Solution:

The moment about the center of mass is M = —=RT. From the

I
equation of angular motion: —RT = I, from which T = =

W

From the free body diagram and Newton's second law: 2 F,=T~W=ma,, where a, is the
w

F)
o
( ,2 I+R’m
time required to fall a distance D is ¢ = 2D _ D(R2 .ForD=3 ft, R ——4—=O.3333 ft,

W=401b, m=" _124 slug, 1=0.2 slug ft>, t=0.676 s
g

acceleration of the center of mass. From kinematics: a, = Rer. Substitute and solve: a, = The

Problem 7.36 The moment of inertia of the
pulley is I. The system is released from rest with the
spring unstretched. Determine the velocity of the
mass as a function of the distance x it has fallen.
Strategy: By drawing free-body diagrams of the
mass and pulley, determine the acceleration of the
mass as a function of the distance it has fallen. The
use of the chain rule:
a=dv/dt=(dv/dx)(dx/dt)=(dv/dtlv.
Solution: ;
The free body diagrams of the pulley and mass are 1
as shown at the right.

Newton’s second law for the mass is z F=mg—T = ma, and the angular equation of motion for the

pulley is 3 M = RT - Rkx = It = 1(%). Eliminating T , we obtain a = _%—/—k;z" Applying the chain
m .

|
mg ~kx 1 2_mgx—;k.x

dv mg —kx
le, a=—v=~—2——and int y|vdv=| | ——dx =V =———< i
rule, a dxv il R and integrating Iv j(m+I/R2 2v ey we obtain

v=/(2mgx - k) (M+1/ R?).

<>
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Problem 7.40 At =0, a sphere of mass m and radius R (I = %mR’) on a flat surface has angular
velocity @, and the velocity of its center is zero. The coefficient of kinetic friction between the sphere

and the surface is 1,. What is the maximum velocity the center of the sphere will attain, and how long
does it take to reach it?

Solution:
At ¢t =0, the sphere is slipping. From Newton's second law:

ZF; =u,W=-Ea, , from which a, = i1, g. Integrating, v =1, gt is
8

velocity of the sphere when the initial velocity is zero. The moment about
the center of mass is M = y1,gR, and u,gR = I, from which
a__:.ukVVR= ngR =58u*.Th

()] =I adt+o, = 5‘;’%t+coa. When v = R, slipping stops. Equate:

2R
-ll.,gt=—5£—"§—t+Rwa.Solve:t=—2Rw°= Ri °
2 Tg Tug

negative number. (See figure.)]. The velocity: v=—gu ,(Z,IRZ) ]- %—R‘wa
SHy

<Om====

Problem 7.41 A soccer player kicks the ball to a teammate 20 ft away. The ball leaves his foot
moving parallel to the ground at 20 f¢/s with no initial angular velocity. The coefficient of kinetic friction
between the ball and the grass is 1, =0.4. How long does it take the ball to reach his teammate? (The

ball is 28 in. in cucumference and weighs 14 oz. Estimate its moment of inertia by using the equation for
a thin spherical shell: I = -3—mR2 )

e angular velocity is

.[Note: », is a W th

Solution:

The ball is slipping at # =0. From Newton's second law,

Y F, =—,W = ma,, from which a, = —1,g. The velocity is
v=-U,et+v,. From Newton's second law M = Iz, from

AukWR= 3111:8 The angula.r
1 2R

velocityisa)=j cdt=- 35};8: When v = -wR, the ball has 9
.. . 3u

stopped slipping and has begun rolling: —1,g¢t+v, = T"‘t. Solve: .
W

-Forv, =20 ft/s, 1, =04, g=3217 ft/s’,1=06217s. | Cwhile slip oceurs)

which ~y WR=Ia, a=-

t=

5/11:8

Solution continued on next page




Continuation of solution to Problem 7.41

The velocity at the time the ball starts rolling is v = -u,g( 2v, J+ v, = v,,(l —-25-) = %vo. The distance

SH.g
traveled while slipping is s = %:2 +v = —Eé-g-(o.ﬁznz)+ v,(0.6217) =9.947 ft. The distance
remaining is d =20 —s =10.05 ft. The total time of travel is tiosal =£+t =1—(i'2(’£+0.6217 =146 s
1 4
= = = =========<>= =======

Problem 7.42 The 100 kg cylindrical disk is at rest when the force F is applied to a cord wrapped
around it. The static and kinetic coefficients of friction between the disk and the surface equal 0.2.
Determine the angular acceleration of the disk if (a) F =500 N: (b) F=1000 N.

Strategy: First solve the problem by assuming that the disk does not slip, but rolls on the surface.
Determine the friction force and find out if it exceeds the product of the friction coefficient and the
normal force. If it does, you must rework the problem assuming that the disk slips.

Solution:
Choose a coordinate system with the origin at the center _ F
of the disk in the at rest position, with the x axis parallel
to the plane surface. The moment about the center of
mass is M = —RF — Rf, from which —RF - Rf = Ic.

From which f = ﬁR_ﬂ =~F _I?a. From Newton's

N

second law: F— f =ma,_, where a, is the acceleration of the center of mass. Assume that the disk rolis.
At the point of contact @, = 0; from which 0 =G, + & X7, — 077y

i j k
dg=a,i =@xRj-0'Rj =|0 0 a|-w’Rj=-Roi -»’Rj, from which a,=0and a, =-Ra.
0 RO
Substitute for f and solve: g, = 2F 7Y (a) For a disk, the moment of inertia about the polar axis is
(m +F)
I= lmR’, from which a, _4F _ 2000 =6.67 m/s?. (a) For F=500 N the friction force is
2 F 3m 300
f=F-ma_ = -3 = —é—gg =-167 N. Note: —u W = —0.2mg =-196.2 N, the disk does not slip. The
angular velocity is ¢ = —% = —% =-22.22 rad/s®. (b) For F=1000 N the acceleration is
_4F _ 4000 '

a, = Ev 300 - 1333 m/s?. The friction force is f = F—-ma, =1000~-13333=-3333 N. The drum
m
slips. The moment equation for slip is ~RF + Ry, gm = I, from which

a=—RF+Ruk8m=_2F+2#k3=—53.6 rad/82
I mR R

<> S o ]
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Problem 7.56 The slender bar weighs 20 Ib. and the crate weighs 80 /b. The surface the crate rests
on is smooth. If the system is stationary at the instant shown, what couple M will cause the crate to

accelerate to the left at 4 stZ at that instant?

Solution:
The rope is massless and flexible; it can support tension only. The

. T
tension components are T, = Tcos45° = —

ﬁ’

T
T, =Tcos45° = o From Newton's second law applied to the

*: .
b—2f —

. . o T
- Crate, the tension required to accelerate the crate is given by —;/._7 =mecac,

from which T = —/J2 KCl)a Ib. The vector location of the end of the bar
8

is Fg;q = 20 + 4f Jt . The moment about the pinned end of the bar is .

- - . T - T - _ -
My =My +7g4 x(j—z—l ——Ef)‘“'cu X Wper

i j k| J k

M=Myp+| 2 4 0l+1 2 0|, My = (Mopype —v2T 22T =W, )k, from
T T
— ——= 0| |0 W, O

N

W,
which, in terms of the acceleration of the crate: M couple 6(—89}1(; —Whar = Ipa, @ 45 . From

kinematics, the acceleration of the end of the bar in terms of the pinned end is

i j i
‘-iB =&AB X?B/A_w%BFB/Az 0 0 o —w%BFAB=—4aAB{+2aABj —w%B(2{+4j)ﬁ/S2.
2 4 0 ‘

The acceleration in terms of the motion of the crate is @ B = acf +Q gc XFg,c - w%cfmc ,
i j k& .
dg=aci+|0 0 apc —w},c(—4f+4}°)=acz’-4ancf—4a,,cj-wi,c(—4i+4j)ﬁ/s2,fr0mwh1°h
-4 4 0

—40 4p =ac —4apc, 20 45 = —4a g, Where @%p = @3- =0 from the given conditions.

a a . . . . .
Solve: atpge ==<, & 4B = ——=. Substitute the kinematic relations into the moment equation and
12 6

W, I .
reduce: M, = ‘6(&)06 + Wy, — Iba,(fgc—) =W,ar —( f—)+% ¢ - Substitute:
8

Woar =20 1b, We =80 Ib, I, =G)(h)(42 +22)=4.145 slug - fi%, ac =—4 ft /5%, from
8

which [M,,;, = 8245 fi-1b

= <>



<>
Problem 7.43 The ring gear is fixed. The mass and
moment of inertial of the sun gear are m; = 22slugs,
I = 4400slug — ft*. The mass and moment of inertia of each
planet gear are m, =2.7slugs, I, = 65slug— ft*. If a couple M
= 600 ft-Ib is applied to the sun gear, what is its angular
acceleration?
Solution:

The free body diagrams of the sun gear and one of the planet
gears are as shown. Let a, be the counterclockwise angular
acceleration of the sun gear and &, the clockwise angular
acceleration of the planet gear. The angular equations of motion
are M=3r,T = I, (1),and r,T~r,Q = I,0t,(2).

The angular accelerations are related by r,c, = 2rpc, (3).
Let a be the tangential acceleration of the center of the planet Q i

gear. Newton's second law is )° F=T+Q = m,a=m,ra, (4)
Setting 7, = (20/12) 2,

r =(1/12)ft, M =600 ft — Ib,m, = 2.7slugs I, = 65slug - ft* N <
1, = 4400slug ~ ft* and solving Equations (1) - (4), we obtain
a, =0.125rad / 5.

<>
Problem 7.44 In Problem 7.43, what is the magnitude of the tangential force exerted on the sun

gear by each planet gear at their point of contact when the 600 fi-Ib couple is applied to the sun gear?
Solution:

From Equations (1) - (4) of the solution of Problem 7.43, the tangential force is T =10.1/b.
<>
Problem 7.45  The 18 kg ladder is released from rest in the position shown. Model it as a slender bar

and neglect friction. At the instant of release, determine (a) the angular acceleration; (b) the normal force
exerted on the ladder by the floor.
Solution:

The vector location of the center of mass is

73 =(L/2)sin30°F +(L/2)cos30°f = 1i +1732] (m). Denote the normal
forces at the top and bottor_n of the ladder by P and N. The vector locations of
Aand B are 7, =Lsin30°f =2i (m), #, =Lcos30°j =3.46] (m). The
VeCtOrs Ty g =7, ~T; =1 =1732] (m), 5 =7, ~ 7, =—1i +1732] (m).
The moment about the center of mass is M = 7,,; X P+ 7o XN,

S 2 B R B 4
M=|-1 1732 0[|+|1 -1732 0|=(-1732P+N)E (N-m). From the
P 0 0l |0 N 0
equation of angular motion: (1) ~1.732P+ N = Ia. From Newton's second g
law: 2)P=ma,,(3) N-mg= ma, , where a,, a, are the accelerations of the
center of mass. N

Solution continued on next page
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Problem 7.77 The 18 kg ladder is held in equilibrium in the position shown by the force F. Model
the ladder as a slender bar and neglect friction. (a) What is the axial force, shear force, and bending
moment at the ladder's midpoint? (b) If the force F is suddenly removed, what are the axial force, shear
force, and bending moment at the ladder's midpoint at that instant?
Solution: , —3 A
The strategy is to solve for the reactions at the surfaces, and from this
solution determine the axial force, shear force, and bending moment at the
ladder midpoint, for the static case. The process is repeated for the dynamic
case.

(a) Static case reactions: Choose a coordinate system with the origin at O
and the x parallel to the floor. From geometry and the free body diagram of

the ladder, 7, =iLsin8, 7, = jLcos6, = %(Z’.sin9+7cos€), where

6 =30°. Apply the static equilibrium conditions to the free body diagram: ~F+A =0, B—W =0. The
moment about the center of mass of the ladder is 2 Mg =Ty X(~Fi +Bj)+ 7o X AL,

Pl = - - -

i J k i J &k
ZMG=% sin@ —cosf 0 +L —-sinf cosé 0 =%(Bsin6—(A+F)cos9)E=0. Substitute
-F B 0 A 0 0

numerical values and solve: B=176.58 N, A=50.97 N, F=50.97 N.

Static case axial force, shear force, and bending moment at midpoint: Consider the lower half of the
ladder, and note that from the definition of the bending moment,
M, s =—M. Use the definitions and coordinate system for the static case Py}(nf Y

reactions given above. Apply the equilibrium conditions to the free body
diagram: (1) Pcos8+ B—(—z“i)cose +Vsin6 =0, from which .

(2) = Psinf+Vcosf— F =0, from which , , N et
3) M—(%)(V+ Fcos6)+(§)3sin9 =0, from which P=-1019 N, B

V=0M=-4415 N-m , M, _,=-M=4415N-m.
(b) Dynamic case; the reactions: The force F is zero. From the free body diagram , the application of

Newton's second law and the equation of angular motion for the dynamic case yields the three equations:

L, . .
A=ma;,, B-W =ma,, -2—(B sin6 - A cos6) = I,cx, where ag,, ag, are the accelerations of the center

of mass. From the constraint on the motion, the acceleration of points A and B are d,=a,j (m/s?),
ds =251 (m/s”), where  =30°. From kinematics, the acceleration of G in terms of the acceleration at
i i k
A'S dg =G, +EXF,, =4, +% 0 0 af= aJ+£(acose{+asméj) (m/s?), from
+sinf -cos8 0
which a, =-;'—acos6 =J3a m/s.

Solution continued on next page
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Continuation of solution to Problem 7.77

The acceleration of the point G in terms of the acceleration at Bis

i i  k
ac=a,+§xFG,,,=aB?+§- 0 0 « =a3f—%(acosez’+asin9f),fromwhich
—-sin@ +cos® O

ag, = —?asin 6 =-a. Substitute into the expressions for Newton's laws to obtain the three equations
three unknowns:

A=m\3a, B-W =-ma, Bsin@—Acos0 = %‘i where I; =(1/12)mL* =24 kg-m?®. Solve:
B=1435 N, A=5735 N, ¢ =184 rad/s’.

Check: From Example 7.4, ¢ = ;—isine =184 rad/s?, check.

Axial force, shear force, and bending moment at midpoint: Consider the lower half of the ladder. The

vector location of the center of mass is 7/ = (%)sin 67 + (%)cose j (m), from which

=’

Fora = % (7 sin - j cos 6) (m), 7, = (%)(—7 sin@ + J cos 9) (m). From kinematics: the acceleration
of the midpoint of the lower half in terms of the acceleration at B is
i ik
GG =8y +BXF, =d, +=1 0 0 al= aBi‘-%a(Fcoseﬁsme) (m/s?). where &, is the
-sin@ cosf 0
acceleration of the center of mass of the lower half of the ladder, from which

1

dg,= —(—éi)a sin€ = - m/s>. The acceleration of

— —

i j k
G=d+ixiu=2 0 0 =a,j+ (3acosel +3asinf)
3sinf -3cos8 0

ag, =3acosf = ﬁ a m/s?. Apply Newton's second law and the equation of angular motion to the
2 .

free body diagram of the lower half of the ladder (see diagram in part (a), with F =0) and use the
kinematic relations to obtain: (1’) Pcos8+ B—%+ Vsinf = L;—a'a,, = —%a,-

(2") Vcos6~Psinf = %a'a‘ = %ma The moment about the center of mass is

(3) +M~(1)V+(1)Bsin8 = I, where I/, = (%X%)(zz) =3 kg-m’. Solve: P=-76.46 N,

V=5518 N M =-60.70 N-m. From the definition of the bending moment,
Mps =-M=60.70 N-m.




