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Quote of the Day
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“If you don't know where you are going, you might wind up someplace else.”
-- Yogi Berra



Before we get started…

 Last Time:
 Discussed partial derivatives. There was a ܘ െ૑ fork aspect we dealt with
 Discussed computation of 
 Quick remarks on Position Analysis + Newton Raphson
 Wrapped up Kinematics Analysis

 Today:
 Start discussing the Dynamics Analysis
 Discuss about Virtual Displacements and Variation of a Function

 We’re facing the same ܘ െ૑ fork issue

 New homework: assigned today, due next Friday at 9:30 am
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Purpose of Chapter 11

 At the end of this chapter you should understand what “dynamics” means and how 
you should go about carrying out a dynamics analysis

 We’ll learn how to:

 Formulate the equations that govern the time evolution of a system of bodies in 3D motion
 These equations are differential equations and they are called the “equations of motion”
 As many bodies as you wish, connected by any joints we’ve learned about… 

 Compute the reaction forces in any joint connecting any two bodies in the mechanism

 Account for the effect of external forces in the equations of motion
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The Idea, in a Nutshell…

 Kinematics

 As many constraints as generalized coordinates
 No spare degrees of freedom left
 Position, velocity, acceleration found as the solution of algebraic problems
 We do not care whatsoever about forces applied to the system

 We are told what the motions are; this suffices for the purpose of kinematics

 Dynamics

 You only have a few constraints imposed on the system
 You have extra degrees of freedom 
 The system evolves in time as a result of external forces applied on it
 We very much care about forces applied and inertia properties of the 

components of the mechanism (mass, mass moment of inertia)
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A Relevant Question…

 Dynamics key question: How can I get the acceleration of each 
body of the mechanism?
 Note: If you know the acceleration you can integrate it twice to get 

velocity and position information for each body 
 In other words, you want to get this quantity:

 Alternatively, you can get first 

 Then use the fact that there is a relationship of the type (see previous lecture)
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Looking Back; Looking Ahead

 Looking back: recall ME240 dynamics (for particle): ࡲ ൌ ࢓ ⋅ ࢇ
 Right way to state this: ࢓ ⋅ ࢇ ൌ which is the “equation of motion” (EOM) ,ࡲ

 Acceleration, which is what we care about, would then simply be ࢇ ൌ ࢓/ࡲ

 Looking ahead (next week): 
 Step 1: we’ll first show that the EOM for a rigid body is

 Step 2: formulate the equations of motion for a system of bodies interacting 
through contact, friction, and bilateral constraints
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[New Important Topic]

Virtual Displacements

 Rest of the lecture today: 
 Discuss the concept of “virtual displacements”
 Discuss the concept of “consistent virtual displacements”

 Warm up, for deriving the EOM
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Motivation

 Why do we have to talk about “virtual displacements” (VDs)?
 Because they play a crucial role in evaluating the virtual work

 Why do we care about virtual work?
 Because it is the crucial ingredient required to formulate the equations of 

motion (EOM)

 How are the EOM formulated actually?
 Apply D'Alembert’s Principle; then fall back on the Principle of Virtual Work

 The Principle of Virtual Work: 
 Powerful tool used to get EOM in rigid and deformable body dynamics
 “At equilibrium, the virtual work of forces acting on a system is zero”
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Motivation
[Cntd.]
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Virtual Translation + Virtual Rotation
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Virtual Displacement of Point P 
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The Invariance Property of  ��
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Putting Things in Perspective
[Nomenclature issues]
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Variational Calculus
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Formulas, Calculus of Variations
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Not difficult to prove.
We’ll skip though.



18



[Short Detour]:
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Exercise
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Exercise
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Quick Question
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[Short Detour]:
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