24-351 Dynamics Fdl 2001

Homework #6 Solutions

16-6. The hook moves from rest with an acceleration of
20 ft/s? If it is attached to a cord which is wound around
the drum, determine the angular acceleration of the drum
and its angular velocity after the drum has completed
10 rev. How many more revolutions will the drum turn
after it has first completed 10 rev and the hook continues
to move downward for 4 s?

Angular Motion : The angular acceleration of the drum can be determine by
applying Eq. 16~ 11.

a =20 fus®

a = or, 0=a(2) oa=100rad/s® Ans

2 rad
1rev

T

Applying Eq. 167 with &, = a = 10.0 rad/s® and 6 = (10 rev) x(
= 20n rad, we have
2 2
o’ =y +20,(6~6,)

? = 0+2(10.0)(207-0)
w=3545rad/s = 35.4 rad/s Ans

The angular displacement of the drum 4 s after it has completed 10 revolutions
can be determine by applying Eq. 16 -6 with @, = 35.45 rad/s.

i
8= 6, +wyt+ ia‘r’

1 2
=0+ 35,45(4)+5(10.0)(4 )

1rev
=(221.79 rad) ><(2’r m) =353 rev Ans /

16-15. Gear A is in mesh with gear B as shown. If A
starts from rest and has a constant angular acceleration
of a4 = 2 rad/s? determine the time needed for B to
attain an angular velocity of wg = 50 rad/s.

Angular Motion : The angular acceleration of gear B must be determined
first. Here, a4 7, = azry. Then,

25

2) = 0.5 rad/s’
100)( ) rad/s

,
o =a, =(
£

The ume for gear B to attaint an angular velocity of wg = 50 rad/s can be
obtained by applying Eq.16 - 5. /

Wg ={(Wy)y +agt
50=0+0.5¢
t=100s Ans



16-25. The disk starts from rest and is given an angular
acceleration o = (106'/) rad/s?, where 8 is in radians.
Determine the magnitudes of the normal and tangential
components of acceleration of a point P on the rim of the
disk when t =4 s.

a= 108}

wdo=adb

[P 0do= [ 106} d6

1 3 e . l
~-af = Z67]=17.56°
Lo )
w=£=¢159§
dr

6 _1 '
[erds=f /154

3¢5 = /15¢
6=2.15201.0 = 137.71

=¥ 455:’] =103.28
dt 4

=

(ap)e = Fr =(103.28)2(0.4) =4267 m/s*  Ans

(ap) = ar= (10(137.71)§)('o.4) =207m/s*  Ans



16-31. A stamp S, located on the revolving drum, is used
to label canisters. If the canisters are centered 200 mm
apart on the conveyor, determine the radius r, of the
driving wheel A and the radius rp of the conveyor belt
drum so that for each revolution of the stamp it marks
the top of a canister. How many canisters are marked per
minute if the drum at B is rotating at w, = 0.2 rad/s?
Note that the driving belt is twisted as it passes between
the wheels.

1=2n(ry)

ry =329—:=31.8mm Ans
For the drum at B :
I=2m(rg)

rg =§=31.8mm Ans
In t=60s,

0=0y+ant
6=0+0.2(60) = 12 rad

I=6rg = 12(31.8) = 382.0 mm

Hence,

n

_ 3820

0 - 1.91 canisters marked per minute

3>~ g =0.2rad/s

Ans



16-34. The scaffold S is raised hydraulically by moving
the rolier at A toward the pin at B. If A is approaching
B with a speed of 1.5 ft/s, determine the speed at which
the platform is rising as a function of 6. The 4-ft links are
pin-connected at their midpoint.

Position coordinate equation :

x=4cosf v=4sind
Time derivatives :
%= -4sin 66 However, i=-u, =-1.5 fs
- 1.5 = ~4sinf 6=237
sin@
. 5 0.375 :
y=1U, =4c0s60 =4cosf =
'y 0S (sine ) 1.5¢cot8 Ans




16-43. ‘The end A of the bar is moving to the left with
a constant velocity v,4. Determine the angular velocity @
and angular acceleration a of the bar as a function of its
position x.

Position Coordinate Equation : From the geomerry.

Here ‘-1-2—I=a=Oand ‘-i—z-—-e = @ Substitute into Eq. (3], we hz
) " W . .(3], we have
T no t
| o om—— 1+cos*8Y ,
Time Derivativ es : Taking the time derivative of Eq. (1}, we have sin? 9[( sin 8 )m oeos 9]
de _ reos 6do .l +___cos26 :
priairrey-arr 2] %=\ sinBeos B)w-

Since Uy 1§ direcied toward posiuve x then — = v,. Also, «. From
.
] A S0, J Howem- sm 9= » €OS 8

yai-r2 r
ad w= - V-

the geometry sin 6= — and cos 6= xor i . e
. =~ and cos f= ~——. Substitute these values into Substitute these values into Eq.{4] yields
Eq.{2], we have
2= .2
i r(fxt=r2ix) @ =[x1 «? —rl)m-} * Ane
A (rix)? @

r
@ = ~| ———— v Ans
[x\/.tz—rl} A

Taking the ume derivative of Eq. {2], we have

x_ _r (1+cos=e 46y 48
oo | (z;) -cos 62 S




*16-48. The crank AB is rotating with a constant angular
velocity of 4 rad/s. Determine the angular velocity of the
connecting rod CD at the instant 8 = 30°,

' Position Coordinate Equqtion : From the geometry,
0.3sin ¢ = (0.6—0.3cos¢)tan 8 m
Time Derivatives : Taking the time derivative of Eq. {1], we have

d¢ _ , . d6 2,d0 - do
0.3cos ¢-d—! = 0.6sec 97‘- —-0.3(cos ¢sec GE tan Osin ¢ 7 )
de _[O.B(cos ¢ ~tan Osin a)]do’.

= 2
dt 0.3sec2@(2~cos¢) |dt {2

do d
However, = = Y8 T;;- = @, = 4 rad/s. Atthe instant 8 = 30°, from Eq.

{31, ¢ = 60.0°. Substitute these values into Eq. (2] yields

0.3(cos 60.0° — tan 30°sin 60.0°)
Wye =

4)=0 A
0.3sec230° (2 —cos 60.0°) ]( ) "




