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Quotes of the Day
[from Samuel]

“There will come a time when you believe everything is finished. That will be the beginning.” 
-- Louis L’Amour, author

“Be yourself, everybody else is already taken.” 
-- Oscar Wilde

“An approximate answer to the right problem is worth a good deal more than the exact answer to an 
approximate problem” 
-- J. Tukey, statistician

“If we did all the things we are capable of, we would literally astound ourselves.” 
-- Thomas A. Edison

“Nobody makes a greater mistake than he who did nothing because he could only do a little.”  
-- Edmund Burke, British statesman and orator
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Before we get started…

 Last Time:
 Accounting for the presence of reaction forces in the expression of the virtual work
 Obtaining the EOM for a 3D system: the r-p formulation

 Today:
 Loose ends, the ܚ െ ܘ formulation of the EOM
 Super briefly talk about the EOM when using Euler Angles
 Discuss TSDAs and RSDAs
 Simple example of deriving the EOM for a one body system
 Inverse Dynamics Analysis
 Equilibrium Analysis

 Homework
 Assigned today, due on October 14. Will get you started on the simEngine3D

 Reading: 
 Ed Haug’s textbook,11.3 and 11.4 3



Comment: on the Matrix-Free and 
Matrix-Form of the EOM
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The r-p Formulation of the EOM:
Providing Initial Conditions
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The r-p Formulation of the EOM:
The RHS of the Acceleration Kin. Constr. Eq.
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The r-p Formulation of the EOM:
Getting the RHS of the Acceleration Equation
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The r-p Formulation of the EOM:
Getting the RHS of the Acceleration Equation
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Comments on getting the EOM using Euler Angles ࣕ
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Recall What Done to Get EOM
[1/3]
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The Formulation of the EOM Using 
Euler Angles
[2/3]
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The Formulation of the EOM Using 
Euler Angles
[3/3]
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One slide overview
EOM in and and 

13



Dynamics in the Absence of Constraints

14



Comments, 
Not Wanting to Deal W/ Constraints
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Discussion on Applied 
Forces and Torques
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Virtual Work: 
Contribution of concentrated forces/torques
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Concentrated Forces: TSDA
(Translational Spring-Damper-Actuator) – pp.445

 Setup: You have a translational spring-damper-actuator 
acting between point Pi on body i, and Pj on body j

 Translational spring, stiffness k
 Zero stress length (given): ݈0

 Translational damper, 
coefficient ܿ

 Actuator (hydraulic, electric, 
etc.) – symbol used “݄”

18



Concentrated Forces: TSDA
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Concentrated Forces: TSDA
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Concentrated Forces: TSDA
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Concentrated Torques: RSDA
(Rotational Spring-Damper-Actuator) – pp.448

 Rotational spring, stiffness ݇

 Rotational damper, coefficient ܿ

 Actuator (hydraulic, electric, etc.) –
symbol used “݄”

 Setup: You have a rotational 
spring-damper-actuator 
acting between two lines, 
each line rigidly attached to 
one of the bodies (dashed 
lines in figure)
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Virtual Work: 
Contribution of the active forces/torques
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Concentrated Torques: RSDA
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Concentrated Torques: RSDA
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[AO]
Example: EOM for a Dangling Cube

 See handout, available also online
 Units are all SI
 Cube of mass 6, length of edge is 2
 Hanging from a corner at point P
 A force applied at opposite corner, at point Q
 Moving under gravity ܏

 What’s the work order?
 Formulate the EOM using the ܚ െ ૑ formulation
 Get the linear system whose solution provides accelerations and Lagr. multiplier 
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