17-93

The lawn roller has a mass of 80 kg and a radius 200N
of gyration kg = 0.175m. If it is pushed forward with a
force of 200 N when the handle is at 457, determine its
angular acceleration. The coefficients of static and kinetic
friction between the ground and the roller are p, = 0.12
and p, = 0.1, respectively.

ESF, = mag),; 200 cos 45° — F 4 = 80a;

+13F, = m(ag),; N, — 80(9.81) — 200sin 45° = 0

CH+3IM; = Iga; F 4(02) = 80(0.175)’ a
=1l 4(02) = 80(0.175)

Assume no slipping: a; = 0.2a

F,=6132N
N, = 9262 N

a = 501 rad/s® Ans.
(F max = s Na = 0.12(9262) = 11L.IN > 6132 N OK

17-98

M =P kY, K= 035m M=ois”
/’ZF: MQG
T_ma
T- MYsi8—HNy=— Ma, - @
K <Fz-op
NH —Mj C",‘-;Q =0
Na = 75498100530 = 633.13N
LMy = T | Og = Ac
Ta.._.‘fuf_ Nnb =8/5 f‘(:C’( - @
Substihake in () and (D"
T-?f(qgl)(jrnje)——o.f.s.@j P W): -3’5.0((09 ﬁ \[dﬂ Ma
Tlo.3) - 0.15(637.18) (0.6) = 75(0.38)¢

! 7z i
solve ke get: T=3sa0 & - g5 mdfs
A = 1395 mls*



17-105

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

:"u; = mdg),: 30 = maﬂ)x

+TIE = m(a),; T- 1962 = 20(d;),

(+EM; = Ipa; 30(0.6) = 20(04)*ax

@ = 5.62 rad/s? Ans

(ag). = 1.5 /s’ ’

a = ag + Ay

agt = (ag),4 + (ag), 1 - (0.3)1
+D (@), =0

Thas,

i

Fr3on

(09=0

(Ga)y

weg

I——-) (gl = Gs

Lﬁ—iﬂm‘

T= 196N Ans



17-107

The 16-1b bowling ball is cast horizontaliy onto
a lane such that initially @ = 0 and its mass center has a
velocity v = 8 ft/s. If the coefficient of kinetic friction
between the lane and the ball is £« = 0.12, determine the
distance the ball travels before it rolls without slipping,
For the calculation, neglect the finger holes in the ball
and assume the ball has a uniform density.

- . T
= EF, =mag); _ 0.12N, =53

+TZF, =mlag),: N -16=0

(+IM =l 0.12N,(0.375) =[§(3—;%)(0.37s)’]a

Solving,
Ny =161 ag=3.864ft/s®, a=25.76radls?

When the ball rolls' without slipping v= ax0,375),

By
= (£Bk,,
Tax
B A,
(‘:") V= +a.d

9.660r=8~3.864r

+=0.592s
((+) O=0ah + Q. t
M 1
‘—) S =50 + i+ =aL?
(-)-3"75:0»,25.76: ( o+ Wi+ Sa,
v=9.660t

s=0+8(0.592)- % (3.864)(0.592)?

5s=4.06ft Ans



18-3
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18-10

A force of P = 20N is applied to the cable, which
causes the 175-kg reel to turn without slipping on the two
rollers A and B of the dispenser. Determine the angular
velocity of the reel after it has rotated two revolutions
starting from rest. Negleet the mass of the cable. Each roller
can be considered as an 18-kg cylinder, having a radius of
0.1 m. The radius of gyration of the reel about its center axis
is k(; = 042 m.

System:

Ty + U, =T,

[0 + 0 + 0] + 20(2)(27)(0.250) = %[175{0‘422)@2 + %B{m)(n.])z]mf l+400 mm—s

y =, (0.1) = 0(0.5)
v = 50 P20 175¢9.8)N
Solving:

@ = 1.88 rad/s Ans.




18-17

The drum has a mass of 50 kg and a radius of g
gyration about the pin at O of ky = 0.23 m. If the 15-kg Dl*_;af_'_],
block is moving downward at 3 m/s, and a force of

= 100 N is applied to the brake arm, determine how far
the block descends from the instant the brake is applied

0.75m
until it stops. Neglect the thickness of the handle. The 025m
coefficient of kinetic friction at the brake pad is p;, = 0.5. 0.15m
Brake arm: € ¢

C+IM4=0; —N(05)+ 100(125) =0

N = 250N

|
F =05(250) = 125N . o
- 3 &

0.25
1f block descends s, then F acts through a distance s* = A(E)

T+ SU, , =T,
2
%[(50)(0.23)@(0%) + %(15)(3)2 + 15(981)(s) — 125(%%) ~0

s =975m Ans.

P=100N




18-22

Sta be egu Chbrie

W2
fesi:'ma_s;'mw '
Sy = 23 i - 0654 m

le
ni e {*w‘f?f %_—(20)(0-2,)2: o‘tFl%m'i

—éar W 1A o - s!.’PPu'mé
6 - 5 : (9'3 - L-!‘- r—ﬂd

rd

O 4 mgsinklo) - 2(si-si)+ MO = Lm] +5 Tow

20(g.8i) i 30(0:8) ~ T2 [ (064 0.658)°—(0.654)" | + 30(4)

:—;-(Iq*f'm'z?) w* Vo =o.p

L> W= 40,496 rad/s



18-53

The system consists of a 20-Ib disk A, 4-1b slender
rod BC, and a 1-1b smooth collar C. If the disk rolls without
slipping, determine the velocity of the collar at the instant

= 30°. The system is released from rest when 6 = 45°,

Vp = {}quA

H _ Ve Vg

15 2598 15

Wpe =

Thus,
vp = vg = LSwpc
wy = 1.875 e

TW+VvV,=T,+V,
0 + 4(1.5sin 45°) + 1(3 sin 45°)

22

+%{%<é>(3)z}wzﬁm + %(%)(15‘030)2

322 32.2

322
wpc = 1.180 rad/s

Thus,

<01b

—

1-55in45 Jt

35in45"ft

Ve = 2.598wpc

- 1Hﬂ)(o.8>2]<1.875w3<:)2 + %(ﬂ)(ﬁ wpc)’

+%( ! )(2.598wnc)2 + 4(1.55in 30°) + 1(3 sin 30°)

Ans.

I1b

3sin30°ft

Datum

Datum




18-63

The motion of the uniform 80-lb garage door is
guided at its ends by the track. If it is released from rest at
0 = 0°, determine the door’s angular velocity at the instant
0 = 30°. The spring is originally stretched 1 ft when the
door is held open, @ = 0°. Assume the door can be treated
as a thin plate, and there is a spring and pulley system on
cach of the two sides of the door.

k= 91b/ft r
FEFERRFF iR

Ve = 4o
sat+ 25, =1
Asy = —2As;
4 ft = —2As;
Asy = =211

o+ o] - (2 [ (o - s

+ 2[% 92 + 1)2}

w = 1.82rad/s Ans.

* Datum

"4.5:?130‘}&




18-extra

The uniform door has a mass of 20 kg and can be
treated as a thin plate having the dimensions shown. If it is
connected to a torsional spring at A, which has a stiffness of
k = 80 N-m/rad, determine the required initial twist of the
spring in radians so that the door has an angular velocity of
12 rad/s when it closes at 8 = 0° after being opened at
6 = 90" and released from rest. Hint: For a torsional spring
M = k6, when kis the stiffness and 6 is the angle of twist.

T+ 2U,=T,
bo+s 11
0+ / 800 dot = — |:— (20]{0.8)2](12)2
I’ 203

40[(30 +3pP- eg] =307.2
f, = 1.66 rad Ans.




