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Before we get started…


Last Time




Wrapped up the derivation of the EOM for planar rigid bodies

Today



Example
Look into inertia properties of 2D geometries








Center of mass
Parallel axis theorem
Mass moment of inertia for composite geometries

Discuss the concept of generalized force
Look into two types of concentrated forces/torques: TSDA/RSDA

Assignment




HW (on Nov 8): Problem 6.2.1
MATLAB assignment: Kinematics analysis of simple mechanism
ADAMS: emailed by the TA
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[Before doing the example, recall this from last lecture]

P T

On the meaning of [Bs̄ ] · F

P
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Example 6.1.1


Tractor model: derive equations of motion



P

Q

Traction force Tr
Small angle assumption (pitch angle )
Force in tires depends on tire
deflection:
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End: 6.1.3
Begin: 6.1.4
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Inertia Properties of Rigid Bodies


Issues discussed:


Determining location of the center of mass (centroid) of a rigid body



Parallel axis theorem



Mass moment of inertia of composite bodies



Location of centroid for a rigid body with a symmetry axis
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Location of the Center of Mass


By definition the centroid is that point of a body for which, when you
place a reference frame at that point and compute a certain integral
in relation to that reference frame, the integral vanishes:

Q: How can I determine the
location of the center of mass?
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Mass Moment of Inertia (MMI)


The MMI was defined as:



Suppose that the reference frame with respect to which the integral
is computed is a centroidal RF



You might ask yourself, what happens if I decide to evaluate the
integral above with respect to a different reference frame, located at
a different point attached to this body?



Answer is provided by the parallel axis theorem ( is vector from
centroidal reference frame to the new reference frame) :
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MMI of a Composite Body


Step 1: Compute the centroid of the composite body



Step 2: For each sub-body, apply the parallel axis
theorem to compute the MMI of that sub-body with
respect to the newly computed centroid



Note: if holes are present in the composite body, it’s
ok to add and subtract material (this translates into
positive and negative mass)

9

Location of the Center of Mass
(Cntd.)


What can one say if the rigid body has a symmetry axis?




Here symmetry axis means that both mass and geometry are
symmetric with respect to that axis

You can say this: the centroid is somewhere along that axis



NOTE: if the rigid body has two
axes of symmetry, the centroid is
on each of them, and therefore is
where they intersect
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Notation & Nomenclature


We’ll formulate the problem in a concise fashion
using matrix-vector notation:

So what do I actually mean when I talk about “generalized forces”?
~ I mean the Q above ~
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Generalized Forces: Problem Context


Q: How are F and n in the equations of motion obtained (specified)?



After all, where are the original F and n coming from?
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Generalized Forces:
How to Deal with Them


F was the sum of all distributed forces f(P) acting per unit mass:

F=

R

f (P ) dm(P )

(Eq. 6.1.16)

m


n was the torque produced by the forces f(P)
n=

Z

m



¡ P ¢T
f (P ) dm(P ) =
Bs̄

Z ³

m

s̄P

⊥

´T

f̄ (P ) dm(P )

(Eq. 6.1.17)

QUESTION: What happens when we don’t have distributed forces,
such as f(P), at each point P on the body, but rather a force acting at
only *one* point P of the body?
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