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Plane Kinematics of Rigid Bodies

e |t can be defined as a rigid body as a system of particles for which the distances between
the particles remain unchanged.

Plane Motion:

e Translation

e Rotation

e General plane motion

Type of Rigid-Body Plane Motion Example

(a)
Rectilinear
translation

Rocket test sled

(b)

Curvilinear

translation
Parallel-link swinging plate
(c}
Fixed-axis
rotation
Compound pendulum
() B
General

plane motion
Connecting rod in a
reciprocating engine
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Rotation about a Fixed Axis

U= r'w
a, = ro® = vir = vw

&, = I




SAMPLE PROBLEM 5/1

A flywheel rotating freely at 1800 rev/min clockwise is subjected to a var-
ahle counterclockwise torque which is first applied at time ¢ = 0. The torque pro-
duces a counterclockwise angular acceleration « = 4¢f rad/s®, where ¢ is the time
in seconds during which the torgue is applied. Determine {a) the time required
for the fiywheel to reduce its clockwise angular spead to 900 rev/min, (b) the time
required for the flywheel to reverse its direction of rotation, and (¢} the total
number of revolutions, clockwise plus counterclockwise, turned by the flywheel
during the first 14 seconds of torque application.

Solution. The counterclockwise diraction will be taken arbitrarily as positive.

(a) Since & is a known function of the time, we may integrate it to obtain angular Helpful Hints
© velocity. With the initial angular velocity of —1800{27)/60 = —60x rad's, we have @) We must be very careful to be consis-
; tent with our algebraic signs. The
_ o _ _ .z lower limit s the negative {clockwise)
idé=adi I— 60 = J;, dids o= 60w . 26 value of the mitial angular velocity.
Also we must convert revolutions to

Substituting the clockwise angular speed of 900 rev/min or w = —900(2x)/80 = radisns since ¢ is in redian units.
—30+ rad/s mives
-307=-607+2* F£=156r (=6865s Ans. 64.8%

Angular
(B) The fiywheel changes direction when its angular velocity is momentarily ;'f l:::;})s
zero. Thus, CCw

0=-680r+27 £=30r (=07Tls Ans.
0
0

(¢) The total number of revolutions through which the flywheel turns during
14 seconds is the number of clockwise turns N; during the first 9.71 seconds,
plus the number of counterclockwise turns N; during the remainder of the inter- 307
val. Integrating the expression for @ in terms of ¢ gives us the angular displace-

ment in radians. Thus, for the first interval

-60x
ay 2471
[do = wdr] fo do = L (607 + 26 dt

2] 6, = [~60mt + %;3]:-" = —1990 rad © Aguin note that the minus sign sig-
nifies clockwise in this problem.

or N; = 1220/27 = 194.2 revolutions clockwise.
For the sacond interval

J':' do = L“l (—60x + 26%) dt

® 0 = [-60mt + 2710, = 410 rad © We could "hgve converted the origi-
nal expression for « into the units

or Ny = 41027 = 65.3 revolutions counterclockwise. Thus, the total number of of rev/s®, in which case our inte-
revolutions turned during the 14 seconds is grals would have come out directly

in revolutions.
N=N;+N,=1942 + 65.3 = 250 rev Ans.

We have plotted o versus ¢ and we see that ¢; is represented by the negative
area and #, by the positive area. If we had integrated over the entire interval in
one stap, we would have obtained .l — |0,].



SAMPLE PROBLEM 5/2

The pinion A of the hoist motor drives gear B, which 1= attached to the
hoisting drum. The load L is ifted from its rest position and acquires an upward
velocity of 3 ft/sec in a vertical rise of 4 ft with constant acceleration. As the load
pacses this position, compute (2) the accaleration of point  on the cable in con-
tact with the drum and (&) the angular velocity and angular acceleration of the
pinion A.

Solufion. (a) If the cable does not slip on the drum, the vertical velocity and
acceleration of the load L are, of necessity, the same as the tangential velocity ¢
and tangential acceleration a, of point C. For the rectilinear motion of L with
constant accaleration, the n- and r-components of the aceeleration of C bacome

[6? = Tns] a = a, = o5 = 3312(4)] = 1.125 fi/5ec?
b [z, = v a, = 3H(24/12) = 4.5 ft/sec’
la = Jo % +aj7] e, = (45} + (1.125)" = 4.64 ft/sec? Ans.

(B} The angular motion of gear A is determined from the angular motion of
gear B by the velocity vy and tangential acceleration o, of their common point of
contact. First, the angular motion of gear B 15 determined from the motion of
point O on the attached drum. Thus,

[v = ra] g = ur = 3{24/12) = 1.5 rad/sac
[a, = ral ag = a,/r = 1.125/(24/12) = 0562 rad/sect

Then from &) = rywy = rpepand o) = rae, = rpeg, we have

r.;.- 18/12 _

by = auﬂ T 1.5 = 4.5 rad/sec CW Ans.
T |

oy = B = 1812 1 cen — 1 888 radisec® OW Ans.
. 612

Problems for solving.

511 The cireular disk of radius r = 0.16 m rotates shout 2
fixed axis through point O with the angular properties
e = 2 radjs and ¢ = 3 rad/s® with directions as shown
in the fizure. Determine the instantaneous values of
the velacity and aceeleration of point A

7 N
e

A

Helpful Hint

@) Recognize that & point on the cable
changes the direction of s velocity
aftar it contects the drum and acquires
a normal component of seealeration.

2, = 1.125 fLisac®
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ac# ) an = 4.5 Risec?



§/2 The triangular plate rotates sbhout a fAxed axis
through point O with the angular properties ind:-
cated. Determine the instantaneous wvelority and
acceleration of point 4. Take all given variables w be
positive,

512 The body 15 formed of slender rod and rotates about
a fixed axis through point O with the indicated angu-
lar propertios. If w = 4 radfs and & = 7 rad/s®, deter-
mine the Instantaneous velocity and acesleration of
point A

/4 A torque applied to a Aywheal causes it to accelerate
uniformly from a speed of 200 rev/min to a spead of
800 rev/min in 4 seconds. Determine the number of
revolutions N through which the wheel turns during
this interval. (Suggestion: Use revolutions and min-
utes for units in your caleulations. )



&/7 The rectangular plate s rotating about its corner axis
through  with a constant angular velocity o = 10
radis. Determine the magnitudes of the velocity v and
acceleration a of the corner A by (g) using the scalar
relatins and (5] using the vector relations.

x
|
m::---|-x} 400 mm

b
m._h._-:_f
i

5f8 If the rectanpular plate of Prob. 57 starts from rest
and point B has an initigl acealeration of 5.5 mfe?,
detarmine the distance b if the plate reaches an angu-
lar spead of 200 rev/min in 2 seconds with a constant
angular acceleration.

5/@ A chaft iz accelerated from rest at a constant rate to a
speed of 3600 revmin and then 15 immediataly decel-
erated to rest at & constant rate within a total time of
10 seconds. How many revalutions &N has the shaft
turned during this interval?

510 The bent flat bar rotates shout a fixed axis through
point (3. At the instant depicted, its angular proper-
tios 4rd w = 5 s and & = & rad/s® with directions
a5 indicated 1n the figure. Determine the instanta-
necus valocity and aecelaration of point A




5/17 The belt-driven pulley and attached disk are rotat-
ing with increasing angular velocity. At a certain in-
stant the speed v of the belt is 1.5 m/s, and the total
acceleration of point A is 75 m/s”. For this instant
determine (e) the angular acceleration « of the pul-
ley and disk, (b} the total acceleration of point B, and
(c) the acceleration of point C on the belt.

&/18 Magnetic tape i5 being fad over and around the light
pulleys mountad in a computer. If the speed v of the
tape is constant and if the magnitude of the accelora-
tion of point A on the tape 1= 403 times thae of poine B,
calculata the radivs r of the smallar pullay.

520 Paint A of the cireular disk is at the angular position
g=0 at time ¢ = 0. The disk has angular velocity
wy = 0.1 rad/s at ¢ = 0 and subssquently expariencas
a constant angular aceeleration & = 2 rad/s®. Deter-
mine the welocity and scceleration of point 4 in
terms of fixed 1 and j unit vectors at timet = 1 5.

o

200 mm
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5426 The two V-belt pulleys form an integral unit and ro-
tate about the fixed axis at & At 2 certain instant,
point A on the balt of the smaller pulley has a veloe-
ity ¢4 = 1.6 m/s, and point & an the balt of the larger
pulley has an acceleration e, = 45 m/5® as shown.
For this instant determine the megnituda of tha
accaleration 8, of point O and sketch the vector in
your solution.

5727 A clockwise varishle torque is applied to a flywheel
at time ¢ = 0 causing its clockwisze angular accelara-
tion to decreasa linearly with angular displacement
# duning 20 revolutions of the wheel as shown. If the
clockwise spead of the fywheal was 300 rev/min at
t =0, determine its spead N after turning the 20
ravalutions. (Sugoestion: Usa units of revolutions
instead of radians.)

]
o, rawis"

1.8




5728 The de=ign characteristics of a gear-reduction unit
are under review. Gear B s rotating clockwise with
a gpead of 300 rev/min when a torque 1= applied to
goar A at time ¢ = 2 & to give gear A a counterclock-
wise acceleration o which varies with time for a
duration of 4 seconds as shown, Detarmine the speed
Ny of gear B whene =6 5.




