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In this course, we will study the principles of automation.  In particular, we will learn to design control systems for chemical processes.  You may have heard the term “control systems” in the Process Design Course.  What does a control system do?  A control system refers to the necessary hardware and software necessary to maintain desired conditions in a process by adjusting selected variables in the system.  For instance, the flow rate of coolant in a jacket may be adjusted continuously to maintain a desired temperature in a reactor in which an exothermic reaction is occurring.  

In particular, we will study “feedback control system” where the control system utilizes measurements of a process variable called the output to make adjustments to another variable in the process called the input.   
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A control system is essential in operating a chemical process for a large number of reasons, some of which are listed here.  Many of the chemical processes involve hazardous materials and a control system is necessary to ensure that no runaway reactions occur and the operation is safe.  A control system is also necessary to ensure that the process is operating optimally.  A control system is required to ensure that there are no sudden changes in flowrates, temperatures etc. that may damage the process equipment.
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To design an effective control system, three basic elements are needed.  First, we need instrumentation that provides information about the process.  Then, we need an algorithm that utilizes the real-time process information to compute the value of the input that keeps the system on the desired conditions.  Finally, we need the necessary hardware components that implement the control action on the process.
As an example, consider the situation where it is necessary to maintain a temperature of 50 degrees Celsius in a reactor where an exothermic reaction is occurring.  First, we need a thermocouple that measures the temperature of the reactor.  This information is utilized to compute the flow rate of cooling water in the reactor jacket.  Finally, a control valve is needed that ensures that the desired flow rate of water is maintained in the jacket.  
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This course will focus primarily on the second step, that is, how is the real-time measurement used to compute the necessary input that maintains the desired conditions.   

To do this calculation, it is necessary to study the dynamic or time-dependent behavior of the chemical process as well as the control system.  In particular we need to know the following:

1. How does the chemical process behave if it is perturbed from its steady state and there is no controller present?

2. How does the process controller behave when it is not at steady state?

3. If we put several dynamic systems together, how does this overall system behave? 

4. Where should be put the control system hardware and how should be choose our inputs and outputs, based on common sense and engineering judgment, so that the control system design is easy and effective and the process is maintained at the desired conditions?
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In this slide, an overview of the course is presented.  There are 6 sections in this course.  We will spend a lot of time on the first three parts, that is, on the issue of dynamic behavior of processes and control systems.  If we understand how dynamic systems behave, this knowledge can be utilized to make the process under consideration behave in a desired manner.  In the latter part of the course, connections to the design course will be made and you will see that process design and process control principles are complementary to one  another and it is necessary to have knowledge of both sets of principles to design and operate a chemical plant effectively. 
