4

Problem 17.64 1If the bar has a clockwise angular v
velocity of 10 rad/s and v, — 20 m/s, what are the |
coordinates of its instantaneous center of the bar, and
what is the value of vp?

Solution: Assume that the coardinates of the instantancous center
are (x¢, yo), @ = —wk = — 10k, The distance to point A Is rac =
{1 —xe)i+ yej. The velocity at A is

i i kK
vi=20=® X0 = 0 1 ~w
I—xg o O
= yeol — (1 —x0).
from which yooi= 0, and (20 +w(l —xc))j = 0.
Substitute @ = 10 rad/s to obtain y¢ = 0 and x. = 3 m. The coordi-

nates of the instantaneous center are | {3, 0) (in) | The veclor distance
from C' to B is rpse = {2 — 3)i = —i (m). The velocity of point B is

i ] Kk
ve—@xTge=| 0 0 —10|=-10(-))|=10j (m/s)
-1 0 0

Problem 17.65 In Problem 17.64, if v4 =24 mfs v
and wvg == 36 m/s, what are the coordinates of the i1, oy
instantaneons center of the bar, and what is ils angular
velocity? E g
A B
] I
T 1

Solution: Let (x., ye) be the coordinates of the instantaneous cen-

ter. The vecters from the instantancous center and the points A and } - im
Boare rac = (1—xg)i+ ycj (m) and vy = (2 — xcl + ycj. The

velacity of A is given by

i i k
V= M =g X Tape = G O war
I—xc yo O

= —warYrl+ wyp(l— xc)i @ms)

The velocily of B is
i i k
v =36] =@yp xTpi0 = 0 0 aup

2—-xz yo O

= —yewapl -+ o4p(2 — xc)j (M),

Separate compenents:
2 —wap(l —xg) =0,
36— wap(2-x0)=0,
wigye = 0.

Solve:

and | ewugz = 12 rad/s | counter elockwise.
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Problem 17.67 Points A and B of the 1-m bar slide on y
the plane surfaces. The velocity of B is vg. = 2i (nvs).

(a) What are the coordinates of the instantancous cen-
ter of the har?

() Use the instantaneous center to determine ihe
velocify at A.

Selution:

() A is constrained to move paralie]l to the y uxis, and B is con-
strained ta mave parallel to the x axis. Draw gerpendiculars ie the
velocity veetors at A and B. From geometry, the perpendiculars
intersect at

(ens 70°, 5in 70°) = (0.3420, 0.9397) m ;

(b

The vector from the instantaneous center t¢ point B is

TR/ = Ta = Tg = 0.34208 — (0.34201 + 0.9397)) = —0.9397)

The angular velocity of bar AF is obtained from

4 i k
vp=Z2i=aw g xTHc =10 0 way
0 --0.9397 a
= 7 p (0.9397)i,
from which 2 2,13 radfs.
cth wap=——=72 3
AE = 09397

The vector from the instanlaneous center to point A is a0 =
T4 —rc = ~0.34201 (m). The velocity at A is

i i k
VA = WAR KTqp0 = 1] o 213
~0.3420 ¢ O

= —0,7278) (ms).
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Problem 17.69 Point A of the bar is moving at 8 mfs
in the direction of the unit vector 0.966i — 0.239), and
point B is moving in the direction of the unit vector
0.766i + 0.643}.

(a) What are the coordinates of the bar’s instanta-
faeous center?
(b) What is the bar’s angular velocity?

Solution: Assume the instantancous center Q is located at (x, y).
Then

Vi=&XTip, Yp=0XTpg
(8 1m/%) (0.966i — 0.259)) == wk » (—xi — yj)
vp(0.7661 1-0.643f) = wk » ({2 m}cos30° — xH

+[{2 wis sin 307 — y1i
Expanding we have the four equations

173 mfs = my
—2.07 mfs = —wx x =0.623 m
(. 786cp = w(y—1m}) = y=232m

0.643zp = 0(1.73 m —x)
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Problem 17.75 Bar AB rotates at 6 1ad/s in the clock-
wise direction. Use instantancous centers to determine
the angular velocity of bar BC.

4in i0in

Solution: Choose a coerdinate system with origin at A and y axis
vertical, Let ¢ denote the instantaneons center. The instantaneous o
center for bar AR is the point A, by definition, since A is the paing of /T
zere velocity. The vector AB is rys4 == 41+ 4j (in.). The velocity at x ]

i

i

I

|

]

B is Va
i j k B/

v =wap XFpa=|0 0 —6 | = 24 — 24j (infs).
4 4 0

The unit vector parallel to AB is also the unit veclor perpendicular to
the velocity at B, o

1
eap = E(iﬂl

The vector location of a point on a ling perpendicular to the velocity
at BisLyg = Lipeap, where Lyp is the magnitude of the distance
from point A te the point on the Hoe. The veclor location of a peint
on a perpendicular to the velocity at C is L = (14i+ 3j) where y is
the y-coordinate of the point referenced to an origin at A. When (he
two lines Intersect,

L
AR 4,

N

L
and y = —— =14

2

from which L4p = 19.8 in., and the coordinates of (he inslantaneous
center ure {14, 14) (in.).

[Check: The line AC' is the hypotenuse of 4 righl Liangle with a base
of 14 in, and interior angles of 45°, fromn which the coordinates of €7
are {14, 14} in. check.). The angular veloceity of bar BC is determined
from the known velocily at B. The vector from the instantancous center
to point B Is

Taye =Tp — P = 4 4f — 14i - 14j = —10i — 10j.

The velocity of point B is

i j k
Ve =wpe XTpic = | 0 0 wac
-1 ~10 0

= wrr {10t~ 10j) (nfs).

Fquate the two expressions for the velocity: 24 = 10wpe, from which

wee = 2.4 radfs |
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Problem 17.78 Bar AR rofales at 12 rad/s in the clock-~
wise direction. Use instantaneous centers to determine
the angular velocities of bars BC and CD.

Salution: Choose u coordinate system with the orgin at 4 and the
x axis parallel to AD. The instantancous cenier of bar AR is point A,
by definition. The velosity of peint B is normal to the bar AB. Using
the instantaneous center A and the known angular velocity of bur AB
the velocity of B is

i k
Va=w XIpa=10 0 ~—12|=2400i {mm/f).
0 200 0

The mmit veetor perpendicutar (o the velocity of B is eap = j, and
& point on a iite perpendicular to the velocity at B is Lyp = Lgj
{mnz}). The stantaneous center of bar €D is point D, by definition,
The veleceity of point € is constrained to e normal ia bar €D, The
Interior angle at I is 45°, by jnspection. The unit vector parallel o
DC (and perpendicular to the velocity al C) is

1
epc = —icos45° 4 jsinds® = [ — J (—i+ ).
DC ] (ﬂ)( B

The point on a line parallel to DC is

L L
Lpc= (555 - m’?i) i+ 22%5 ).

A A

At the Intersection of these lnes Lyy == L g, from which

(650-— %3_29) =0

Lpe
——_\/5 s
itom which Lpe = 919.2 muy, and Lap = 630 i, The coordinates

of the instantancons center of bar BC are (), 650) (um). Denote this
center by €7, The veetor from £ to point B is

and Lag =

rpyor =y —ren = 200j — 650] = ~-450j.
The vector from £ o point C is
Yoo = 3001 + 350§ — 650} = 300§ — 300j (mm),

The velocity of point B is

i j K
v =wpe X¥pe= [0 & awpe | = 450mpci (mmi).
0 —430 0

|-7 300 mm 350 mn1 I

Faguale and solve; 2400 = 450wpg, from which

2400
N — = .1 5
WR( 150 33 (radfs)

The angular velocity of bar CD is delermined from the known velocity
at point £, The velocity at C is

i i k
Vo =wpe XKoo= 0 0 533
300 300 &

= 1a00i + 1600 (mm/s).

The: vector from D ta paint C is veyp == —3501 4+ 350§ (mm), The
veloeily at € is

T
Ve =wep XFemo= [ O 0 wep
—35¢ 350 0

= —350m¢pi — 350w p§ (mm/s).

Equate and solve: | ewerp = —4.57 radfs | clockwisc.
r
!
3

~
~
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