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2. Equation of Motion – Lagrangian Method
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Lagrangian Method

1. Newton – Euler method is a “force balance” approach to dynamics
2. Lagrangian method is an “energy based” approach to dynamics
3. The Lagrangian 𝐿 is defined as the followings

4. The dynamics equations, in terms of the coordinates used to express the kinetic and 
potential energy are obtained as
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Where 𝑞௜ is the coordinates in which the kinetic and potential energy are expressed, 
𝑞௜̇ is the corresponding velocity, and 𝐹௜ the corresponding force or torque
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3. Simulation - MATLAB
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(Equation of Motion in State Space Representation)
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3. Simulation – Transfer function
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(Equation of Motion in State Space Representation)
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3. Simulation – Transfer Function
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Transfer Function, 
Root Locus Results

1. Divergence response results
2. Two zero Poles
3. Step Response -> Divergence
4. How we are going to make the 

system stable?
5. PID? Full state-feedback?
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3. Simulation – Transfer Function
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Transfer Function, 
Root Locus Results

1. Divergence response results
2. Two zero Poles
3. Step Response -> Divergence
4. How we are going to make the 

system stable?
5. PID? Full state-feedback?
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Homework for next course

1. Using Newton method to derive equation of motions
2. Create your own PID compensator to stabilize your system, show the 

plots, and Simulink or MATLAB code


