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PLANAR RIGID BODY MOTION: TRANSLATION and

ROTATION

Today’s objectives: Students

will be able to

1 Analyze the kinematics of

a rigid body undergoing

planar translation or

rotation about a fixed axis.

In-class activities:

• Reading Quiz

• Applications

• Types of Rigid-Body

Motion

• Planar Translation

• Rotation About a Fixed

Axis

• Concept Quiz

• Group Problem Solving

• Attention Quiz
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READING QUIZ

1 If a rigid body is in translation only, the velocity at points A
and B on the rigid body .

(a) are usually different

(b) are always the same

(c) depend on their position

(d) depend on their relative position

ANS: (b)

2 If a rigid body is rotating with a constant angular velocity
(ω) about a fixed axis, the velocity vector at point P (rp) is

.

(a) ω × rp

(b) rp × ω

(c) drp/dt
(d) All of the above.

ANS: (a)
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APPLICATIONS

• Passengers on this amusement ride are subjected to

curvilinear translation since the vehicle moves in a circular

path but they always remains upright.

• If the angular motion of the rotating arms is known, how

can we determine the velocity and acceleration

experienced by the passengers? Why would we want to

know these values?

• Does each passenger feel the same acceleration?
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ROTATION ABOUT A FIXED AXIS: PROCEDURE

• Establish a sign convention along the axis of rotation.
• If a relationship is known between any two of the variables

(α, ω, θ, or t), the other variables can be determined from

the equations:

ω =
dθ

dt
, α =

dω

dt
, αdθ = ωdω

• If α is constant, use the equations for constant angular

acceleration.
• To determine the motion of a point, the scalar equations

v = ωr, at = αr, an = ω2r , and a =
√

(at)2 + (an)2

can be used.
• Alternatively, the vector form of the equations can be used

(with i, j,k components).

v = ω × rP = ω × r

a = at + an = α× rP + ω × (ω × rP ) = α× r − w2
r
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EXAMPLE

• Given: The motor gives the blade an angular

acceleration α = 20e−0.6trad/s2, where t is in

seconds. The initial conditions are that when

t = 0, the blade is at rest.

• Find: The velocity and acceleration of the tip P of one of

the blades when t = 3 sec. How many revolutions has the

blade turned in 3 sec?
• Plan:

1 Determine the angular velocity and displacement of the

blade using kinematics of angular motion.
2 The magnitudes of the velocity and acceleration of point P

can be determined from the scalar equations of motion for a

point on a rotating body. Why scalar?
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EXAMPLE (Solution)

1. Since the angular acceleration is given as a function of time,

α = 20e−0.6t rad/s2 , the angular velocity and displacement

can be found by integration.

ω = ω0+

∫ t

0
αdt = 0+

∫ t

0
20e−0.6tdt =

100

3

(

1− e−0.6t
)

(4)

when t = 3 sec, ω = 27.82 rad/s = 4.428 rev./s

Angular displacement

θ = θ0 +

∫ t

0
ωdt = 0 +

∫ t

0

100

3

(

1− e−0.6t
)

dt (5)

=
100

3

[

t−
1

0.6

(

1− e−0.6t
)

]

when t = 3 sec, θ = 53.62 rad = 8.53 rev.

Also , when t = 3 sec, α = 20e−0.6(3) = 3.306 rad/s2
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EXAMPLE (continued)

2. The velocity of point P on the the fan, at a radius of 1.75 ft,

is determined as

vP = ωr = (27.82)(1.75) = 48.685 ft/s

The normal and tangential components of acceleration of

point P are calculated as

an = ω2r = (27.82)2(1.75) = 1354.41 ft/s2

at = αr = (3.306)(1.75) = 5.786 ft/s2

The magnitude of the acceleration of P is determined by

aP =
√

(an)2 + (at)2 =
√

(1354.41)2 + (5.786)2

= 1354.42 ft/s2
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GROUP PROBLEM SOLVING(continued)

2. Assuming the cord attached to pulley D is inextensible and

does not slip, the velocity and acceleration of cylinder C
will be the same as the velocity and tangential component

of acceleration along the pulley D:

aC = (at)D = αDrD = (1.5)(0.125) = 0.1875m/s2

3. Since αA is constant, αD and αC will be constant. The

constant acceleration equation for rectilinear motion can be

used to determine the velocity and displacement of

cylinder C when t = 3 s (s0 = v0 = 0):

vc = v0 + aCt = 0 + 0.1875(3) = 0.563m/s ↑ (9)

sc = s0 + v0t+ (0.5)aCt
2

= 0 + 0 + (0.5)0.1875(3)2 = 0.844meter (10)
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ATTENTION QUIZ

1 The fan blades suddenly experience an

angular acceleration of 2 rad/s
2. If the

blades are rotating with an initial angular

velocity of 4 rad/s, determine the speed

of point P when the blades have turned 2

revolutions (when ω = 8.14 rad/s).

(a) 14.2 ft/s

(b) 17.7 ft/s
(c) 23.1 ft/s

(d) 26.7 ft/s

ANS: (a)

2 Determine the magnitude of the acceleration at P when
the blades have turned the 2 revolutions.

(a) 0 ft/s2

(b) 3.5 ft/s2
(c) 115.95 ft/s2

(d) 116 ft/s 2

ANS: (d)
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ABSOLUTE MOTION ANALYSIS

Today’s objectives: Students

will be able to

1 Determine the velocity and

acceleration of a rigid body

undergoing general plane

motion using an

absolute motion analysis.

In-class activities:

• Reading Quiz

• Applications

• General Plane Motion

• Concept Quiz

• Group Problem Solving

• Attention Quiz
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READING QUIZ

1 A body subjected to general plane motion undergoes a/an

(a) translation.

(b) rotation.

(c) simultaneous translation and rotation.

(d) out-of-plane movement.

ANS: (c)

2 In general plane motion, if the rigid body is represented by
a slab, the slab rotates

(a) about an axis perpendicular to the plane.

(b) about an axis parallel to the plane.

(c) about an axis lying in the plane.

(d) None of the above.

ANS: (a)
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