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Introduction

 Kinematic equations describe the motion of the robot without consideration of the forces and 
torques producing the motion.

 The dynamic equations explicitly describe the relationship between force and motion. 

The equations of 
motion are important 
to consider in

• design of robots,
• simulation and 

animation of robot 
motion, and 

• design of control 
algorithms.



Direct Dynamics



Inverse Dynamics



Introduction

 Kinematic equations describe the motion of the robot without 
consideration of the forces and torques producing the motion.

 The dynamic equations explicitly describe the relationship between 
force and motion. 

 We introduce the so-called Euler-Lagrange equations

 In order to determine the Euler-Lagrange equations in a 
specific situation, one has to form the Lagrangian of the system, 
which is the difference between the kinetic energy and the 
potential energy;



Kinetic energy of a rigid body





The Inertia Tensor

 The inertia matrix expressed in the body attached frame is a constant matrix 
independent of the motion of the object and easily computed.



Kinetic Energy for an n-Link Robot



Two-link cartesian robot

Euler-Lagrange equations



Two-link cartesian robot



Planar Elbow Manipulator



Planar Elbow Manipulator





Euler-Lagrange equations


