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MOMENT OF INERTIA

Today’s objectives: Students

will be able to

1 Determine the mass

moment of inertia of a rigid

body or a system of rigid

bodies.

In-class activities:

• Reading Quiz

• Applications

• Mass Moment of Inertia

• Parallel-Axis Theorem

• Composite Bodies

• Concept Quiz

• Group Problem Solving

• Attention Quiz
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READING QUIZ

1 Mass moment of inertia is a measure of the resistance of a
body to .

(a) translational motion

(b) deformation

(c) angular acceleration

(d) impulsive motion

ANS: (c)

2 Mass moment of inertia is always .

(a) a negative quantity

(b) a positive quantity

(c) an integer value

(d) zero about an axis perpendicular to the plane of motion

ANS: (b)
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APPLICATIONS

• The large flywheel in the picture is

connected to a large metal cutter. The

flywheel mass is used to help provide a

uniform motion to the cutting blade.

• What property of the flywheel is most

important for this use? How can we

determine a value for this property?

• Why is most of the mass of the flywheel located near the

flywheel’s circumference?
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PROCEDURE FOR ANALYSIS
When using direct integration, only symmetric bodies having

surfaces generated by revolving a curve about an axis will be

considered. • Shell element

If a shell element having a height z, radius r = y,

and thickness dy is chosen for integration, then the

volume element is dV = (z)(2πy)dy. This element

may be used to find the moment of inertia Iz since

the entire element, due to its thinness, lies at the

same perpendicular distance y from the z-axis.

• Disk element

If a disk element having a radius y and a thickness

dz is chosen for integration, then the volume

dV = (πy2)dz. Using the moment of inertia of the

disk element, we can integrate to determine the

moment of inertia of the entire body.
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EXAMPLE I

• Given: The volume shown with

ρ = 5 slug/ft3.

• Find: The mass moment of inertia of

this body about the y-axis.

• Plan: Find the mass moment of inertia

of a disk element about the y-axis, dIy,

and integrate.
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EXAMPLE I(continued)

Solution:

1 The moment of inertia of a disk about

an axis perpendicular to its plane is

I =
1

2
mr2

2 Thus, for the disk element, we have

dIy = 0.5(dm)x2 where the differential

mass dm = ρdV = ρπx2dy.

3 The MMI is, using y2 = x,

Iy =

∫
1

0

1

2
ρπx4dy =

ρπ

2

∫
1

0

y8dy =
5π

18
= 0.873 slug · ft2
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PARALLEL-AXIS THEOREM

If the mass moment of inertia of a body about an axis passing

through the body’s mass center is known, then the moment of

inertia about any other parallel axis may be determined by

using the parallel axis theorem,

I = IG +md2

where

• IG = mass moment of inertia about the body’s mass center

• m = mass of the body

• d = perpendicular distance between the parallel axes
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EXAMPLE (Solution)

• The coordinate system and FBD are as

shown. The weight of (50)(9.81) N is

applied at the center of mass and the

normal force Nc acts at O. Point O is

some distance x from the crate’s center

line. The unknowns are Nc, x, and aG .

• Applying the equations of motion:

ΣFx = m(aG)x : 600− 0.2Nc = 50aG

ΣFy = m(aG)y : Nc − 490.5 = 0

ΣMG = 0 : −600(0.3) +Nc(x)− 0.2Nc(0.5) = 0

⇒ Nc = 490.5N, x = 0.467m, aG = 10.0m/s2
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EXAMPLE (continued)

• Since x = 0.467m < 0.5m, the crate slides as originally

assumed.

• If x was greater than 0.5 m, the problem would have to be

reworked with the assumption that tipping occurred.
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ATTENTION QUIZ

1 As the linkage rotates, box A undergoes (joints are all pins)
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ω = 2 rad/s

1.5m

A
(a) general plane motion

(b) pure rotation

(c) linear translation

(d) curvilinear translation

ANS: (d)

2 The number of independent scalar equations of motion
that can be applied to box A is?
(a) One

(b) Two

(c) Three

(d) Four

ANS: (c)
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GROUP PROBLEM SOLVING

• Given: The handcart has a mass of 200 kg and center of

mass at G. A force of P = 50N is applied to the handle.

Neglect the mass of the wheels.

• Find: The normal reactions at each of the two wheels at A
and B.

• Plan: Follow the procedure for analysis.
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