24-351 Dynamics Fall 2001
Homewor k #10 Solutions

17-54. The pendulum consists of a 20-Ib sphere and 2
5-1b slender rod. Determine the reaction at the pin O just 025 & ‘

after the pendulum is released from the position shown
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17-89. The semicircular disk having a mass of 10 kg is
rotating at @ = 4 rad/s at the instant § = 60°. If the
coefficient of static friction at A is u,= 0.5, determine if
the disk slips at this instant.

Equation of Motion : The mass moment of inertia of the semicircular disk about

1
its center of mass is given by g = 5( 10)(0.4%) - 10(0.1698") = 0.5118 kg - m’.

From the geometry, rg,, = v/0.1698¢ + 0.42 — 2(0.1698) (0.4) cos 60° = 0.3477 m.
. . sin @  sin 60°
Also, using law of sines, 01698 = 033"

have

6 =25.01°. Applying Eq. 17~ 16, we

(4- IM, =X(M,),; 10(9.81)(0.1698sin 60°) = 0.5118c

+10(ag), cos 25.01°(0.3477)

+10(ag), sin 25.01°(0.3477) m
&I =miag), ; E=10(ag), 2]
+TE =mlag),; N ~10(9.81) = -10(ag), 131

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

AG =8, +AX g, ~ G Ty
~(ag), i :(aa)’j = 6.40f + ok x (~0.1470i +0.3151§) ~ 4 (~0.1470¢ +0.3151j)
-(ag), i ~(ag), J=(23523-0.3151a)i +(1.3581 -0.1470a) j

Equating i and j components, we have

(ag), =0.3151a—2.3523 (4]
(aG), =0.1470a- 1.3581 (5]

Solving Egs.[1], (2], (3], [4) and {5} yields

a=1385radls’ (), =2012m/s’  (ag), =0.6779 mss?
E=2012N N=9132N

Since F < (F) ey = H,N =0.5(91.32) = 45.66 N, then the semicircular disk
does not slip. Ans
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1798, The disk of mass m and radius r rolis without
slipping on the circular path. Determine the normal forces
which the path exerts on the disk and the disk’s angular
acceleration if at the instant shown the disk has an angular

velocity of w. :

Equation of Motion : The mass moment of inertia of the disk about its center of

mass is given by I; = %mrz. Applying Eq. 17~ 16, we have

(+M, =Z(M,) 5 mgsin 6(1) =Gmr‘)a+'u(aq),(r) (n

IF, =mag),: N - mgcos 8 = m(ag), (2

Kinematics : Since the semicircular disk does not slip at A, then vg = orand
(ag), = ar. Substite (4;), = arinto Eq.(1] yields

mgsin 6(r) = Gmr’)oﬁ m(an(n

2,
= —ésin [:] Ans
3r

.

Also, the center of the mass for the disk moves around a circular path having a

e
radius of p = R —r. Thus, (ag), = -t;—;z = %’i—; Substitute into Eq.[2) yields

N 0= w?r
— mgcos .-m(ﬁ)

N= m(?-’z—f- + geos 8) Ans
R-r




18-45. The two bars are released from rest at the
position 6. Determine their angular velocities at the
insiant they become horizontal. Neglect the mass of the
roller at C. Each bar has a mass m and length L. .

Potential Energy : Datum is se1 al point A . When links AB and BC is at their
L
initial position, their center of gravity is located ;sin 8 above the datum. Their

L e
gravitational powntial energy at this positon is mg(i-sin L] ) Thus, the inital
and final potential encrgies are

L
v, =2(T§—sm 9)=mgLsin 6 V=0

s

Kinetic Energy : When links AB and BC are in the horizontal position, then
vy = @, 5 L which is directed vertically downward since link AB is
rotating about fixed point A. Link BC is subjected to general plane motion and its
instantaneous center of zero velocity is located at point C. Thus, Vg = @pcTgic
ofr Wzl = WL, hence @, = Oge = @. The mass moment inertia for link
1 Ly
AB and BC about point A and Cis (Jyy), = Upc)e = pml? +m(5)
1
= 5ml_’. Since links AB and CD are at rest initially, the initial kinetic energy is
T, = 0. The final kinetic energy is given by

1 1 4
L= 5(’,43),4 w}p *"5(’“)(' @y

RSN ,)2
= (3"'" )“”2(3""‘ @

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

L+Y =T+Y
1
O+mglsin 8= ':;mLza)z +0

- ’3
- Wyp = Wy =@ = —ig-sino Ans




*18-48. At the instant the spring becomes undeformed,
the center of the 40-kg disk has a speed of 4 m/s. From
this point determine the distance d the disk moves down
the plane before momentarily stopping. The disk rolls
without slipping. ;

Datum at lowest point.

hi+W=Th+y
40(9. 7)N

irt 4\ | : .
5[5(4"""‘3)2](@) * 7400 +409.81)sin30° = 0+ 1 20037 .
£0(9. )N

100d* ~ 196.24- 480 = 0

Solving for the positive root

d4=338m ' Ans



18-53. The system consists of a 20-1b 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
8 = 30°. The system is released from rest when 0 = 45°.

vg =0.8ay
o= Yo te " m
CT1572598 1.5 4 e
: 20l
Thus, 20l alb
vg =vg = L.5Sagc ’ 4,50 .
£ Dhtwm 30°
VC=2.5986)pc
ap = 1.875amc
T+ =% +}
inds® inasy = 111120 Vo892 21,1020 2
0+ 4(1. 55ind5°) + 1 (3sind5®) = 2[2(32.2)(0.8) ](1.8750:“) +2(32.2)(1,5m,c)
i 4 \ap 1r 4 2
+z[ 12(32.2)‘3’ ]a“’ * 2(32.2)“'5‘”“)

r 1 2 . )
+3(535 )2 59Banc? +4(1.55in30°) + 1 3sind0")

apc = 1.180 rad/s
Thus

ve =2.598(1.180) = 3.07 fu's Ans




18-59. The uniform window shade AB has a total weight
of 0.4 1b. When it is released, it winds up around the spring-

- loaded core O. Motion is caused by a spring within the core,
which is coiled so that it exerts a torque M = 03(107%)@
Ib-ft, where 0 is in radians, on the core. If the shade is
released from rest, determine the angular velocity of the
core at the instant the shade is completely rolled up, i.e.,
after 12 revolutions. When this occurs, the spring becomes
uncoiled and the radius of gyration of the shade about the
axle at O is ko = 0.9 in. Note: The elastic potential energy
of the torsional spring is V, = }k6% where M = k8 and
k =03(107%) 1b-ft/rad.

L+%=h+¥

] L0 (10°)hny = (24 Y05
0-0.4)(1.5)+ 30.3)(107) @) -2(3“)(!2) o

w=85.1rad/s Ans
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