

Design for Engineering

Unit 4

Instrumentation and Control in the Engineering Design Process

The Role of Instrumentation Control in the Engineering Design Process


The role of instrumentation control in the engineering design process is that of the system allowing the engineers to see and understand what is going on within all the different processes being used by the process in the engineering design being tested. Instrumentation control could be compared to the diagnostic equipment used by medical personnel to diagnose medical conditions. Instrumentation control provides the necessary means to log data and control machinery. This data allows the machinery to be monitored and all necessary corrections can be made and where systems need to have improvements made to become more efficient. Instrumentation controls allows new and better designs to be created. This is one of the concepts used by automobile designers and manufacturers to create and redesign products.

There are two types of systems used to in many different types of equipment, Open-loop and closed-loop systems. An open-loop system is a system that lacks a control mechanism and human intervention is required. The closed-loop system is a system with a control mechanism that provides control without human intervention.

To understand instrumentation control we must first understand that it is based on the universal system design. The universal system design has four components: input, output, process, and feedback. This is an example of a closed loop system. The input is what goes into the system, the output is the end product of the system, the process is how the output is created, and the feedback is the control used to control the process.
  Process control has been present in many forms since the time of the ancient Greeks who create fine metal clockwork systems. As the centuries have past engineers have created the instrumentation and control systems that have spurred forward the industrial revolution and our modern day world. The systems have become very efficient and require the very minimum of human intervention.
What does an Engineer need to know about Instrumentation and Control Systems
An engineer needs to know about the process that is to be studied, controlled or manipulated, what the normal range of operation should be, and the instrumentation equipment to be used to control the process. The knowledge of all the different processes to be included in a system allows the engineer to select or create the control system required for the minimum amount of human intervention. The human element of the process can not be totally eliminate since some must interpret the data collected and maintain the monitoring equipment. Every process requires an effort be made to institute the right controls to assure safety. Safety as in everything else in life is a must for proper operating procedures. The decisions made in the design process and design changes are often based on the data collected during the study of the system and the interpretation done by the humans who analyze the data collected.
What role does instrumentation and control systems play in monitoring the environment and security of interest to society?

The role of instrumentation and control systems in the monitoring the environment is a very vital role. Instrumentation and control are use by waste water treatment facilities to make sure the waste water leaving the facility is pure and clean and safe for human consumption and has levels of any chemical found in that water to be low enough to not harm the environment of the natural habitat and life forms of that habitat. At Big Stone South Dakota Ottertail Power Company operate a coal and tire derived power plant using the latest technology on instrumentation and control from the EERC located on the University of North Dakota to reduce emissions 99%.
How can we bring real instrumentation and control systems into the design laboratory?

Using real instrumentation and control systems into the design laboratory means we have to be willing to accept the need for instrumentation and controls systems in the lab and be willing to implement the use of the equipment. One of the systems easily adapted for laboratory use is the LabVIEW software used by many industries, NASA, many school programming involving instrumentation and processing, and it is the program that runs in the background when we use LEGO robots and the ROBOLAB programming software in this classroom.  There are many others types of instrumentation and controls systems used. Using control systems allows for consistent and repeatable results to be obtained. These results allow companies to get accurate information and create a better product.
How can we use instrumentation systems to ensure prototypes comply with design criteria?

The use of instrumentation equipment enables the designers to create a precise copy of their design by use of computerized cutting equipment to cut the pieces to assemble as the design criteria calls for. The ability to use such equipment helps the designers to be able to correct the flaws if they exist or make other modifications to make the design better.
The use of instrumentation and control equipment give industry the ability to better control all facets of their plant operations. Regardless of the industry there are standards for air quality and pollution control among the many things that must be controlled and managed. Instrumentation and control systems allow for constant monitoring of those systems and many others keeping the plant operations within guidelines and help the plant to maintain efficiency and smooth operations. All of theses systems work hand-in hand to provide many layers of feedback and control of very complex systems.
Instrumentation is the eyes and ears of the control system allowing the operators to see what is going on within the plant or system being controlled. This ability is not just important to the real world but also the design laboratory since if we can see  what is going on and determine how to make it operate more efficiently, with less wasted effort and energy, and a greater level of safety and cost effectiveness thus creating a better product. Without the eyes and ears of the control system we could not accomplish this feat.
For all of this communication to occur there must be a communication loop to provide information to be relay from the probe to the control center and back to effect the needed changes. We need to have a source where the information is derived which would be our probe or sensor, an encoder to translate the information into a form the system can understand, a transmitter to send the information to the control system, a receiver to get the information sent from the transmitter a decoder to put the information into a usable form for the system, a storage system to keep the information until it is acted upon, a retrieval system to get the stored information, and a destination form the information to go to. The process is then reversed to get the information back to the device being regulated.

Standards Addressed:

Standard 2: Students will develop an understanding of the core concepts of technology.
Y. The stability of a technological loop is influenced by all the components in the system especially those in the feedback loop.

DD. Quality control is planned process to ensure that a product, service, or system meets established criteria.
FF. Complex systems have many layers of controls and feedback loops to provide information.

Standard 3: Students will develop an understanding of the relationships among technologies and the connections between and other fields of study.
H: Technological innovation often results when ideas, knowledge, or skills are shared within a technology, among technologies or across other fields.

J. Technological progress promotes the advancement of science and mathematics.

Standard 17: Students will develop an understanding of and be able to select and use information and communication technologies.
M: Information and communication systems allow information to be transferred from human to human, human to machine, and machine to machine.
O: Communication systems are made up of source, encoder, transmitter, receiver, decoder, storage, retrieval, and destination.
P: There are many ways to communicate information, such as graphics and electronic means.

Q: Technological knowledge and processes are communicated using symbols, conventions, icons, graphic images, and languages that incorporate a variety of visual, auditory, and tactile stimuli
2006 Greg Heitkamp

This material is based upon work supported by the National Science Foundation under Grant No. 0402616.) Any opinions, findings and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the view of the National Science Foundation (NSF). 


