24-351 Dynamics Fdl 2001

Homework #6 Solutions

16-51. The wheel is rotating with an angular velocity
w = 8 rad/s. Determine the velocity of the collar A at the

instant 6 = 30°and ¢ = 60°. Also, sketch the location of -
bar AB when 9 = 0°,30° and 60° to show its general plane
motion.
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va = 1.2c0560° + 0.5, cos30°

0 = 1.25in60° ~ 0.Say, sin30°

ap = 4.16 rad/s

v4 = 240 m/s — Ans
vy = OXry
Va = Vg + Qup Xy

val = (~8k)x (~0.15¢0s 301 + 0.15 in30°) + (~auak) x (0.5c0560° + 0.535in60°f)

60 va
va = 0.60 + 0.433a),
()
A
0 = 1.039 - 0.25ay, S bg?
ayy = 4.16 rad/s % =l.zm4

i = 2.40m/s — Ans



16-59. The planetary gear A is pinned at B. Link BC
rotates clockwise with an angular velocity of 8 rad/s, while
the outer gear rack rotates counterclockwise with an
angular velocity of 2 rad/s. Determine the angular
velocity of gear A.

Kinematic Diagram : Since link BC is rotating about fixed point C, then v,
is always directed perpendicular to link BC and its magnitude is Uy = Wycryc
= 8(15) = 120 in./s. At the instant shown, v is directedto the left Also, at
the same instant, point E is moving to the right with a speed of v = @prcg
=2(20) =40 in./s. '

Velocity Equation : Here, vg,c = @, ;g = 5@, Which is directed 10
the left. Applying Eq. 16— 15, we have

Vg =Vp+Vpu
[120]=[40]+[5m]
- - -

(=) - 120 = 40~ Sw,
, =32.0rad/s Ans

VU =/20 infs

lé =40in. /5



16-67. If the angular velocity of link AB is w4 = 3rad/s,
determine the velocity of the block at C and the angular
velocity of the connecting link CB at the instant 0 = 45°
and ¢ = 30°. Also, sketch the location of link BC when
8 = 30°,45°, and 60° to show its general plane motion.

ve=Vp +Vcis

[vc]s 6 |+ a®

<®]|

(_‘.) - vc = 6 5in30° - icy (3)cosds®

(+T)  0=-6c0s30° + axcp (3)sind5°®

oy =2.45tadls 7)  Ams

Ve
ve = 2.20 f/s & Ans v \ ¢
Also, % Qs
20° Fuyy st
Ve =V + @XTcip '

vl = (6 $in30°% - 6 cs30%)) + (aica k) X (3 0s45°1 + 3 3ind5°))
(:a) —ve =3-2.120x

(+7) 0=-5.196+2.120¢cs
acs =2.45radis J  Ans

ve = 2.20 ft/s & Ans



16-74. If the link AB is rotating about the pin at A with
an angular velocity of e,y = 5 rad/s, determine the
velocity of blocks C and E at the instant shown.

Kinematic Diagram : Since ﬁnkAB is rotating about fixed point A. then v,
is always directed perpendicular to link BC and its magnitude is v, = W, 57,5
= 5(1) = 5.00 ft/s. At the instant shown, vy = {~5,00)} ft/s. Also, block C

and E are moving along the guide and directed toward negative x axis and
negativey axis respectively. Then, v = —vcd and v g = ~vgj. Since the

direction of the velocity of point D are unknown, we can assume that its x and

¥ components are direcied in the positive direction of their respective axis.

Velocity Equation : Hete, r¢;y = {2c0s 30°1 + 25in 30°) } fi
= {1.732i + 1j} foand £y, = {~3c0s 60°% + 3sin 60°) } ft
= {~1.50i +2.598)} fi Applying Eq.16 - 16 10 link CBD, we have

Vo=V +Wcgp Xtesp
~Vci = =5.00§ + (Wcppk) x (1.7321 + 1§)
~Vel = ~wegpi+(1.7320, - 5.00) §
Equating i and j components gives

~V¢ = ~Wycp
0= 1.732a¢pp ~ 5.00

Solving Egs.[1] and [2] yields
Ocap = 2.887 rad/s
Yo = 2.89 ft/s Ans
. 7
Thexand y component of velocity of v pare given by
Vp=Vp+Qcsp XTpy
(vp), i +(Vp), j = ~5.00+(2.887k) x (~1.50i +2.598j)
(vp), 1+( vp), J = ~7.50i -9.330§
Equating i and j components gives
(vp), =~7.50 f/s (vp), =-9.330 fus
Here, rgp = (~4j } fu Applying Eq.16~ 16 10 link DE, we have
Vg =Vp+Wpg Xrygp

=Vg} = ~7.50i - 9.330j+ (wpek) x (~4j)
~Vg) = (4wp, ~7.50)1~9.330§

Equating i and § components gives

0=240,~750 @, = 1.875 rad/s
Ve =9.33 fus Ans
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g.330 /s
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16-86. If bar AB has an angular velocity w5z = 6 rad/s,

determine the velocity of the slider block C at the instant
shown.

Kinematic Diagram : Since link A B is rotating about fixed point A. then vy
is always directed perpendicular to link A B and its magnitude is vy = @, 5743
= 6(0.2) = 1.20 m/s. At the instant shown, v is direcied with an angle 45°

with the horizontal. Also, bock C is moving horizontally due 1o the
constraint of the guide.

Instantaneous Center : The instantaneous center of zero velocity of bar BC
at the instant shown is located at the intersection point of extended lines drawn
perpendicular from v, and v . Using law of sine, we have

7 0.5
——si:/g)" . m Igiic = 06124 m

r, 0.5
75 ey o =06830m

The angular velocity of bar BC is given by

v 1.20
o [

2 = S =1.960 rad/s
B e 0.6124

Thus, the velocity of block C is

Ve = Wycteye = 1.960(0.6830) = 1.34 m/s ¢ Ans



16-97. If rod AB is rotating with an angular velocity
@ap = 3 rad/s, determine the angular velocity of rod CD
at the instant shown.

. -1 38in 60° - 2sin 45°
- Kinematic Diagram : From the geometry, 8 = sin ( 3 ]
= 43.10°. Since links A8 and CD is rowting about fixed points Aanid D, then
vaand v -are always directed perpendicular to links AB and CD mpgcn'vely.
The magnitude of vy and veare vy = w1y = 3(2) = 6.00 fUs 3nd v,
= Ocpfep = 40cp. At the instant shown, v, is direcied at an angle of 45° while
v is directed at 30°.

horizonal.

Instantaneous Center : The instantaneous center of zero velocity of link BC
at the instant shown is located at the intersection point of extended lines drawn
perpendicular from v, and v .. Using law of sines. we have

’ 3
IO TR e =06

P 3 ) '
o i =0.1091

The angular velocity of link BC is given by

Ope =22 2 3% og3rais = 198radss  Ans
ryue 3.025

Thus, the angular velocity of link CD is given by

Ve = Qpcleyc
4o, = 1.983(0.1029)
Wcp =0.0510 rad/s Ans



