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0.1 Problem 1

A bowling ball is thrown onto a lane with a backspin @ ; and forward velocity vj. The mass
of the ball isn , its radius is r, its radius of gyration is k ;. and the coefficient of Kinetic
friction between the ball and the lane ig ;. Assume the mass center G is at the geometric
center. For a15 Ib ball with r =4.25 in., k; =2.4 in.. @3 =9 rad’s, and vy =17 mph,
determine the time it takes for the ball to start rolling without slip and its speed when it does

so. In addition, determine the distance it travels before it starts rolling without slip. Use
My =011,

Wy

e

G

A ball will roll with slip when the linear velocity v of its center of mass is different from rw
where 7 is the radius and w is the spin angular velocity. Therefore, to find when the ball will
roll without slipping, we need to find when v = rw. Let the initial state be such that v; = vy

(given) and w; = w; (given). So we need to find the time t to get to new state, such that
Uy =Twy
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Using linear momentum
tfmul
moy + f Ffrictiondt = muoy
0
But Fpiction = —uN = —umg and the above becomes
muvy — umgt = mu, (1)
Using the angular momentum gives
tfinal
Ia)l + f Ffrictionrdt = ICL)Z
0
2 2 (2
mrgwy — umgrt = —mrg (7) (2)

Where in (2), r; is radius of gyration, and we replaced w, by —=. Notice the sign in RHS
of (2) is negative, since we assume v, is moving to the right, so in state 2, the ball will be
spinning clock wise, which is negative,. Now we have two equations (1,2) with two unknowns
t, which is the time to get to the state such that center of mass moves with same speed as
rw (i.e. no slip) and the second unknown is v, which is the speed at which the ball will be
rolling at that time. We now solve (1,2) for ¢, v,
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(1) becomes




Or
11.615 — 1.65¢ = 0.4660, (1A)
0.168 — 0.584t = —0.05260, (2A)
Solution is:
t =1.9196 sec

v, =18.134 ft/sec

Now that we know the time and the final velocity, we can find the acceleration of the ball

Uy =0q +at
Uy =1
a=
t
5280
B 18.134 - 17 (%)
1.9196
= 3542 ft/s>

Hence the distance travelled is

L
s:vot+§at

3600
=41.3361 ft

5280 1
=17 (—) (1.9196) + > (~3.542) (1.9196)

0.2 Problem 2

A spool of mass m =213 kg, inner and outer radii p =1.74 m and R = 2.24 m. respectively,
and radius of gyrationk ; =2 m, is being lowered down an incline with & = 27°. If the static

and Kinetic friction coefficients between the incline and the spool arg ; = 0.45 and

M = 0.31, respectively, determine the acceleration of G. the angular acceleration of the

spool, and the tension in the cable.



-
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Notice that the Friction force F is pointing downwards since the spool is spinning counter
clockwise. Resolving forces along x gives

F-T +mgsin 0 = mx (1)

Taking moment about CG, using clockwise as positive now, since we changed x positive
direction from normal

FR-Tp =l (2)



Where « is angular acceleration of spool. But ¥ = —pa then (1) becomes
F-T +mgsin0 = -mpa
But
F=wuN
= pxmg cos 0
Therefore (2) and (3) become
prmg cos OR - Tp = [
pgmg cos 0 =T + mgsin 0 = —mpa
In (2A) and (3A) there are 2 unknowns, a and T. Plugging numerical values gives
(0.31) (213) (9.81) cos (27 (%)) (2.24) - T(1.74) = (213) 2
T
180

Tt

(0.31) (213) (9.81) cos (27 ( T80

)) T+ (213) (9.81) sin (27( )) — _(13)(1.74) a
Or

1292.823 —1.74T = 852.0c
1525.78 - 1.0T = -370.62«

Solution is:
T =1188.547 N
a = -0.9099 rad/s’
Now since ¥ = —pa then
¥ = — (1.74) (~0.9099)
= 1.583 m/s’

0.3 Problem 3

The uniform ball of radius p and mass m is gently placed in the bowl B with inner radius R
and is released. The angley measures the position of the center of the ball at G with respect

to a vertical line, and the angle#? measures the rotation of the ball with respect to a vertical
line. Assume that the system lies in the vertical plane. Assuming that the ball rolls without slip
that it weighs2.9 Ib, is at the position ¢ = 40°, and is moving clockwise at 9.1 ft/s, determine
the acceleration of the center of the ball aG and the normal and friction force between the
ball and the bowl. UseR = 4.2 ft and p = 1.2 ft. Hint: In working the following problem, we
recommend using ther ¢ coordinate system shown.

(3)

(2A)
(3A)

(2A)
(3A)
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The forces in play are

Resolving forces along i,

—F -mgsing = m(R— p)(p
Taking moment around C.G. of ball

—Fp = 1,6

(1)

(2)

The above are 2 equations in 3 unknowns (F, 0, <p) So we need one more equation. Resolving
along i, will not give us an equation in any of these unknowns so it will not be useful for
this. Here we must notice that acceleration of point D, where the ball touches the bottom
of the bowl will be zero. This is because the ball rolls without slip. We can use this to come
up with the third equation. The acceleration of this point in the i, direction is zero, and



given by
ap,p = (R—p)¢+p620

Now we have three equations with three unknowns. Plug-in numerical values, using I, =

_F—(2.9)sin (40 (%)) = (322—92) (42-12)¢

2(29 }
~F(1.2) = (5 (35) (1.22)) o
0=(42-12)¢+(12)60

Or
~F-1.864 =0.27¢
-1.2F = 0.05196
0=1.20+3¢
Solving gives
F=-05326 N

6 = 12.32 rad/s®

$ = —4.928 rad/s®
To find N, we resolve forces along i,
~N +mgcos¢ = -m (R - p) 62

But 6 = ——, where v = 9 ft/sec in this problem. Hence the above becomes

(R-p)

2
-N + mgcos¢ = _m(R—p)

?
N=mgcosq§+m(R_p)

i 7y 29 ( (1)
=(2.9)cos (40@) T 329 [(4.2 - 1.2)]

=4.708 N

Now to find a;. Since

. v?
dg = (R-p) ity - R—pﬁr

Then
9.1)%
E)G = - (41 - 12) 4, 928ﬁ¢ - ﬁur

= —14.291i1 — 27.603 11,

zm
5Mp

(3)

2

(1A)

(1A)
(2A)
(3A)



0.4 Problem 4

A pendulum consists of a uniform disk 4 of diameter d = 0.16 m and mass m 4 = 0.37 kg
attached at the end of a uniform ba®B of length L = 0.75 m and mass m g = 0.7 kg. At the

instant shown, the pendulum is swinging with an angular velocitys = 0.23 rad/s clockwise.

1 2 1
Determine the Kinetic energy of the pendulum at this instant, using” = E mvg + EI G wgl.

Let 7 be radius of disk. Then, about joint O at top,

7’2 2
Lyisk = Miisk— + Maisk (L+7)

~ (0.08)°
= (037) —5—

= 0.256 077

+0.37(0.75 + 0.08)

And
LZ
I, = —
bar Mygr 3
(0.75)
=(0.7) ———
0=
=0.131
Hence overall
Io = Idisk + Ibar
=0.256 +0.131
= 0.387



Therefore

1
KE = Eloa)z

1
= 5(0387) (0.23)

= 0.01024]

0.5 Problem 5

An eccentric wheel with weight 7" = 260 lb, mass center G, and radius of gyration
k¢ = 1.32 1t is initially at rest in the position shown. Letting R =1.76 ft and & = 0.6 ft, and

assuming that the wheel is gently nudged to the right and rolls without slip. determine the

speed ofO when G is closest to the ground.

Since wheel rolls without spin, then friction on the ground against the wheel does no work.
Therefore we can use work-energy to find vy;,, since we do not need to find friction force
and this gives us one equation with one unknown to solve for.

Tl + Ul = TZ + Uz
1 2.1 5
0+ mgh = UG + EIng - mgh (1)

Where in the above, the datum is taken as horizontal line passing through the middle of the
wheel. But

Ieq

= mr&
Where 7 is radius of gyration. And
(R-h)
R
And w = = since rolls with no slip. Now we have all the terms needed to evaluate (1) and

solve for v,. Here

Vg = Vo

_ 260 = 8.075 sl
m= 5>o =8075slug



Hence (1)
2
1 (R-h) 1 5 (1,)?
mgh—Em(vo R ) + omrg (E) —mgh
2
1 (260 (1.76 - 0.6) 1 (260 2( o )2
2 .6) = - == 132" |—] -2 .
60(06) 2(32.2)(”" 1.76 ) +2(32.2)( 32) (1.76 60(06)
156 = 4.025v2 — 156
Therefore

v, = 8.805 ft/s

Where the positive root is used since it is moving to the right.

0.6 Problem 6

The weights of the uniform thin pin—connected bars 4B, BC, and CD are W45 =31b,
Wge =6.51b, and Wep =11 Ib, respectively. Letting ¢ =49°, R =4 1ft. L =55 ft. and
H = 6.5 ft, and knowing that bar 4B rotates at an angular velocity @ 45 = 3 rad’s,

compute the Kinetic energyl of the system at the instant shown.

The velocities at each point are given by

LUJBC

LWBCC

VB = Rwap Ve = Rwap chpsin¢ C
- -
wAa
WAB

Hwep cos ¢

10



11

Vg = Rwgyp
=4(3)
=12 ft/s
Looking at point C, we obtain two equations
Lwpe = ~Hwep cos ¢
—Vp = -Hwcp sin ¢

Or
(5.5) wpc = = (6.5 wcp cos (49 (%))
12 = = (6.5) wcp sin (49 (%))

Solving gives

wpc = —1.897 rad/sec
wcp = 2.446 rad/sec

We now need to find velocity of center of mass of bar BC. We see from diagram that it is
given by

R . L
Ucg = —Vpi— 5 @nc]

=-127 - 52—5 (-1.897)}
=-12i +5.2177
Hence
[Bcc| = V122 + 5.2172
=13.085 ft/sec

Now we have all the velocities needed. The K.E. of bar AB is

11,
Tap = Slap5@ap

1/(1
= 5 (gmABRZ) a)zz‘lB

{1 3\, 2 2
=5 (g (32—2) (4) )(3)

= 2.236



For bar BC it has both translation and rotation KE

1 1 0y »
Tpc = 5'BC5 @B T 5MBCUCG

1/1 1
== (—chLz) wfc + EmBCU%G

2\12
1({1(65 5 , 1(65 5
=2 (= [==]|(:5)?](-1.897)* + = | = | (13.
2 (12 (32.2)(5 °) )( 897" +3 (32.2)( 3. 085)
=18.197
And for bar CD it has only rotation KE
11,
Tep = slepz@éep
1/(1
= E (ngDHZ) O)%D
1/1( 11
=14.392

Therefore the total KE is
KE=Tupg+Tgc+Tcp
=2.236 +18.197 + 14.392
=34.825]

12
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