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Define and explain Kinetics of Rigid Bodies1

2 

3

Define and explain – General Equations of motion

Define Equations of motion for rotational motion

By the end of this lecture, you are able to: 

5

Define and explain Kinetics  of translational motion of Rigid Bodies

Define Equations of motion for General plane motion motion



Understand the kinetics of rigid 
bodies 

The kinetics of rigid bodies deals with the relationships between external forces and moments acting on

a body and the translational and rotational motions produced by these forces[1].

While the kinematics of rigid bodies (studied earlier) was only concerned with describing motion ,such as

velocity, acceleration, and angular velocity — kinetics focuses on why that motion occurs.[1].

Previously, in the kinetics of particles, we treated the entire mass as concentrated at a single point. Here,

however, the shape, size, and mass distribution of the body become important.

For a rigid body:

• Forces may act at different points

• The body can both translate and rotate.

• The mass moment of inertia plays a key role in rotational motion.



scope Cont’d…

Therefore, in rigid-body kinetics, we require three equations of motion:

Kinetics of rigid bodies is analyzed using three major methods:

Each method is applied to three types of motion:

•Two force equations (for translation in x and y directions), and

•One moment equation (for rotation about a point or the mass center).

▪Force and Acceleration Method

▪Work and Energy Method

▪Impulse and Momentum Method

1.Pure Translation,

2.Rotation about a Fixed Axis, and

3.General Plane Motion (a combination of both).



෍𝐹 = 𝑚Ԧ𝑎

෍𝐹 = 𝑚𝑎𝐺

෍𝑀𝐺 = 𝐼𝛼𝐺

where:
•m = total mass of the body
• 𝑎𝐺 = linear acceleration of the mass center GGG
• σ𝑀𝐺= sum of moments of external forces about the mass center
• 𝐼 = mass moment of inertia about an axis through GGG
•𝛼𝐺 = angular acceleration of the body about that axis

Figure 1. Equation of motion 



Physical Meaning

෍𝐹𝑥 = 𝑚𝑎(𝐺)𝑥 ෍𝐹𝑦 = 𝑚𝑎(𝐺)𝑦

Figure 2. Moment and force 

a. FBD c. KDb. Force couple 



𝐼 = න𝑟2𝑑𝑚

Figure 3. Moment of inertia



𝐼 = 𝐼𝐺 +𝑚𝑑2

𝐼 = 𝑚𝑘2 𝑤ℎ𝑒𝑟𝑒 𝑘 𝑖𝑠 Radius of Gyration:

𝐼𝐺, is moment of inertia of the body trough axis passing through O-O’

𝑚, mass of the body

𝑑 perpendicular distance between A-A’, and O-O’

Parallel-axis theorem

Figure 4. Parallel-axis



Moment of Inertia of Composite Bodies

Figure 6. Removed material

1
2

Figure 5. Solid parts



Hence, the general motion of a rigid body can be represented as:

General Application of the 

Equations of Motion

1.Translation of the mass center G, as if the entire mass were concentrated at G.

2.Rotation about G, caused by the moments of external forces.

Motion = Translation of G + Rotation about G

෍𝐹𝑥 = 𝑚𝑎(𝐺)𝑥 ෍𝐹𝑦 = 𝑚𝑎(𝐺)𝑦 ෍𝑀𝐺 = 𝐼𝛼𝐺



Equations of Motion: Translation



scope Cont’d…

෍𝑀𝐺 = 𝐼𝛼𝐺 = 0

෍𝐹𝑥 = 𝑚𝑎(𝐺)𝑥 𝑜𝑟 ෍𝐹𝑦 = 𝑚𝑎(𝐺)𝑦

Rectilinear Translation 

෍𝑀𝐴 − 𝑚𝑎𝐺 𝑑 = 0 𝐼. 𝑒෍𝑀𝐴 = 𝑚𝑎𝐺 𝑑

Here the sum of moments of the external forces and couple moments about A equals 

the moment of 𝑚𝑎𝐺 about A

Figure 7.  Rectilinear Translation 

FBD KD



scope Cont’d…

Curvilinear Translation

෍𝑀𝐺 = 𝐼𝛼𝐺 = 0

෍𝐹𝑛 = 𝑚𝑎(𝐺)𝑛
෍𝐹𝑡 = 𝑚𝑎(𝐺)𝑡

If moments are summed about the arbitrary point B, Fig. 6, then it is necessary to account for the moments

, of the two components 𝑚𝑎(𝐺)𝑛 and 𝑚𝑎(𝐺)𝑡 about this point. 

From the kinetic diagram, h and e represent the perpendicular distances (or "moment arms") from 

B to the lines of action of the components. The required moment equation therefore becomes:

෍𝑀𝐵 = 𝑒(𝑚𝑎(𝐺)𝑡) − ℎ(𝑚𝑎 𝐺 𝑛
)

Figure 8.  curvilinear  Translation 



G

Equations of Motion 

Rotation about a Fixed Axis

G

𝐹2

𝐹4

𝐹3

𝐹1

𝑟𝐺𝑟𝐺

Figure 9.  Rotation



Translational Equations for the Center of 

Mass of Motion 

෍𝐹𝑛 = 𝑚𝑎(𝐺)𝑛 = 𝑚(
𝑉𝐺

2

𝑟𝐺
) = 𝜔2 𝑟𝐺

σ𝐹𝑡 = 𝑚𝑎(𝐺)𝑡 = 𝑚(𝑟𝐺 𝛼)

O

G

𝐹2

𝐹4

𝐹3

𝐹1
𝜔, 𝛼

𝑟𝐺

G

O
O

Where:

𝑟𝐺 = distance from the axis of rotation to G

𝑎(𝐺)𝑡 = 𝑟𝐺 𝛼= tangential acceleration of G and act in a direction which is consi

stent with the body's angular acceleration 𝛼 .

𝑎(𝐺)𝑛=𝜔
2 𝑟𝐺= normal (centripetal) acceleration of G and always directed from 

point G to O 

FBD

Figure 10.  Rotation force  representation 

KD

=



Rotational (Moment) Equation About the Axis

෍𝑀𝑜 = 𝐼𝑂𝛼

O

G

𝐹2

𝐹4

𝐹3

𝐹1
𝜔, 𝛼

𝑟𝐺

G

O
O

Where:

𝐼𝑂 : mass moment of inertia about the fixed axis and From 

the parallel-axis theorem, 𝐼𝑂 = 𝐼𝐺 +𝑚𝑑2

𝛼: angular acceleration

𝐼𝛼

Figure 11.  Rotation moment   representation 

=

FBD KD



Rotational (Moment) Equation About the Axis

෍𝑀𝑜 = 𝐼𝑂𝛼

෍𝐹𝑛 = 𝑚𝑎(𝐺)𝑛 = 𝑚(
𝑉𝐺

2

𝑟𝐺
) = 𝑚𝜔2 𝑟𝐺

σ𝐹𝑡 = 𝑚𝑎(𝐺)𝑡 = 𝑚(𝑟𝐺 𝛼)



෍𝐹𝑛 = 𝑚𝑎(𝐺)𝑛 = 𝑚(
𝑉𝐺

2

𝑟𝐺
) = 𝑚 𝜔2 𝑟𝐺

σ𝐹𝑡 = 𝑚𝑎(𝐺)𝑡 = 𝑚(𝑟𝐺 𝛼)

෍𝑀𝑜 = 𝐼𝑂𝛼



Procedure for Analysis

Step 1: Free-Body Diagram (FBD)

Step 2: Identify Key Quantities



Procedure for Analysis

Step 3: Apply the Equations of Motion

Step 4: Solve and Interpret

𝜔= 𝜔𝑂 + 𝜶𝒄𝒕

𝜔2 = (𝜔𝑂)
2 + 2𝜶𝒄 (𝜃 − 𝜃𝑂)

𝜃= 𝜃𝑂 + 𝜔𝑂𝑡 +
1

2
(𝜶𝑐𝑡

2)

𝛼 =
𝑑𝜔

𝑑𝑡

𝜔 =
𝑑𝜃

𝑑𝑡



Example

Figure 12. Example 1 

Givens
M=60 N.m

𝜔 = 5 rad/s

M= 20-kg

L=3m

Required
𝛼 = ?

𝐹 𝑂 𝐻 =?

𝐹 𝑂 𝑉 =?

SOLUTION

𝐹 𝑂 𝐻

𝐹 𝑂 𝑉 𝑊 = 20 9.81 𝑁

G

1.5𝑚

σ𝐹𝑡 = 𝑚𝑎(𝐺)𝑡 = 𝑚(𝑟𝐺 𝛼)

෍𝐹𝑛 = 𝑚𝑎(𝐺)𝑛 =𝑚𝜔2 𝑟𝐺

෍𝑀𝐺 = 𝐼𝐺𝛼

G

𝑚(𝑟𝐺 𝛼)

𝑚𝜔2 𝑟𝐺
𝐼𝐺𝛼

𝐹 𝑂 𝐻 =20 ( 52)1.5 = 750𝑁

−𝐹 𝑂 𝑉 + (20 9.81 )=20(1.5) 𝛼

𝐹 𝑂 𝑉 1.5 + 60 = [
1

2
(20)(3)2] 𝐹 𝑂 𝑉 = 19.5𝑁

𝛼 = 5.9 𝑟𝑎𝑑/𝑠2

FBD KD

=



Equations of Motion 

General Plane Motion

Figure 13.  General plane motion 



෍𝑀𝐺 = 𝐼𝐺𝛼

෍𝐹𝑦 = 𝑚𝑎𝑦

෍𝐹𝑥 = 𝑚𝑎(𝐺)𝑥

Equations of Motion For general 

plane motion 

Together, these three equations completely describe any rigid body moving in a plane.



Moment Equation About Any Point (Not G)

σ𝑀𝑝 = 𝐼𝐺𝛼 +𝑚(𝑟𝐺/𝑝 × 𝑎𝐺)

෍𝑀𝑝 = 𝐼𝑝𝛼

𝐼𝑝 = 𝐼𝐺 +𝑚𝑑2 (parallel-axis theorem).



𝑣(𝑝) = 𝑣(𝐺) +𝜔 × 𝑟𝑝/𝐺

Translational part: 𝑎(𝐺)
​Tangential part: 𝛼 × 𝑟𝑝/𝐺
​Normal (centripetal) part: 𝜔 ×( 𝜔 × 𝑟𝑝/𝐺)

𝑎(𝑝) = 𝑎(𝐺) + 𝛼 × 𝑟𝑝/𝐺+ 𝜔 ×( 𝜔 × 𝑟𝑝/𝐺)



෍𝑀𝐺 = 𝐼𝐺𝛼෍𝐹𝑦 = 𝑚𝑎𝑦෍𝐹𝑥 = 𝑚𝑎(𝐺)𝑥

σ𝑀𝑝 = 𝐼𝐺𝛼 +𝑚(𝑟𝐺/𝑝 × 𝑎𝐺)



𝑎(𝑝) = 𝑎(𝐺) + 𝛼 × 𝑟𝑝/𝐺+ 𝜔 ×( 𝜔 × 𝑟𝑝/𝐺)



✓ Before applying the equations of motion, always draw a free-body diagram in order to identif

y all the forces acting on the body

✓ A kinetic diagram may also be drawn in order to represent 𝑚𝑎𝐺 and 𝐼𝐺𝛼 graphically.



Rotation about Fixed Axis:

෍𝑀𝑜 = 𝐼𝑂𝛼

෍𝐹𝑛 = 𝑚𝑎(𝐺)𝑛 = 𝑚(
𝑉𝐺

2

𝑟𝐺
) = 𝜔2 𝑟𝐺σ𝐹𝑡 = 𝑚𝑎(𝐺)𝑡 = 𝑚(𝑟𝐺 𝛼)

෍𝐹𝑥 = 𝑚𝑎(𝐺)𝑥
Pure Translation:

Curvilinear

෍𝑀𝐺 = 𝐼𝛼𝐺 = 0

෍𝐹𝑛 = 𝑚𝑎(𝐺)𝑛

Rectilinear

෍𝐹𝑡 = 𝑚𝑎(𝐺)𝑡
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Introduction to Kinetics of Rigid body→ Scope and definition of kinetics
1

2 

3

Definition Equation of  Motion of Rigid bodies

Equation of  Motion for  Translational motion

Equation of  Motion  for Rotational motion 

5

In This Lecture We Covered:

Equation of  Motion  for General plane motion
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