Introduction to Control Systems

The main purpose of a control system is to improve the performance of some process. In engineering, these
processes are usually mechanical, fluid, thermal, electrical, aerodynamic, structural, or chemical. The
improvement of the process is measured by system specifications such as accuracy, speed, reliability, etc. A well-
controlled system performs within its design specifications. So, for example, the speed control system of an
automobile should control the speed to within a few miles per hour under reasonable driving conditions.

Some processes are relatively simple, and the systems needed to control them can be designed using trial-
and-error. For more complex processes, however, a more sophisticated design approach is necessary. This
approach is based on developing mathematical (numerical) models that describe how the process and its
associated components respond. Mathematical models can be based on experimental observations or on known
physical principles.

The mathematical models are then used in the design process to find controller characteristics that will
provide good overall system performance. The chart below shows how these procedures are used in the design
process that leads to controller implementation. The blocks in yellow highlight the areas addressed in these notes
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Mathematics Phys1ca! Principals
Differential Equati Newton’s Laws
ttierential tquations Fluid Flow Equations

Laplace Transforms

Heat Flow Equations
Electrical Circuit Equations
Structural Dynamics, etc.

Transfer Functions
Block Diagrams
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Control Concepts

Mathematical

Characteristics Performance
Open/Closed Loop  Transient/steady-state response

Models

Feedback 1t and 2" order response
Sensitivity Higher order system response
Disturbance Step response

Error Percent overshoot

Stability Under-damped; Over-damped

Settling Time

A

Control System Design Tools
Root locus diagrams
Frequency response methods
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Electrical/
Electronic
Circuits

Software

Controller
Implementation
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