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Process Control and Instrumentation Lab

AUT 129, EET 238

October 2, 2008

COURSE DESCRIPTION:
Companion to EET 213/AUT 128. This course provides hands-on experience for the student in the field of process control and instrumentation. The student will gain experience with setting up, and testing process control systems utilizing sensors, transducers, process meters and PID controllers. Upon completion of this course and EET 213/AUT 128 a student will be able to set up, manage, and troubleshoot a simple industrial process control system.
CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

0 hours
Lab Credit Hours



2 hours  

Total Credit Hours 



2 hours
NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as manipulative (3:1 contact to credit hour ratio) or experimental (2:1 contact to credit hour ratio).

PREREQUISITE COURSES 
As determined by college.
CO-REQUISITE COURSES 
As determined by college.
INSTRUCTOR NOTE

This is the lab portion of EET 213/AUT 128 and this POI is identical to EET 213/AUT 128 except it includes the Performance Objectives that are to be performed in the lab.  The Learning Objectives are identical to EET 213/AUT 128 and are presented here for informational purposes only.  
PROFESSIONAL COMPETENCIES

· Comprehend the safe operation of a process control system.
· Read and interpret block diagrams and instrument tags. 
· Read and understand the elements of a P&ID diagram.
· Use a loop controller to control a basic process.
· Connect and use an I/P converter and a proportional control valve.
· Operate a process control system to control liquid level in a tank.
· Use a PID controller to perform liquid level control using on/off and closed loop control. 
· Use a PID controller to perform all types of process control.
· Use a PID controller and process meters to make flow measurements and control the flow. 
· Tune a control a loop using various industry approved methods.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to process control and instrumentation.
· Psychomotor – Apply principles of process control and instrumentation.
· Affective – Value the importance of adhering to policy and procedures related to process control and instrumentation.
STUDENT OBJECTIVES

Condition Statement:  Unless otherwise indicated, evaluation of student’s attainment of objectives is based on knowledge gained from this course.  Specifications may be in the form of, but not limited to, cognitive skills diagnostic instruments, manufacturer’s specifications, technical orders, regulations, national and state codes, certification agencies, locally developed lab/clinical assignments, or any combination of specifications.

STUDENT LEARNING OUTCOMES
	MODULE A – INTRODUCTION TO PROCESS CONTROL

	MODULE DESCRIPTION – The purpose of this module is to teach the students to comprehend the safe operation of a process control system.  Topics include concepts of process control, safety, manual control, and sight gauges.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Comprehend the safe operation of a process control system.
	A1.1
Perform a lockout/tagout.
	3c

	
	A1.2
Manually control the process using open and closed loops.
	3c

	
	A1.3
Use a sight glass to measure levels.
	3c

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Define various terms associated with process control.
A1.1.2
Explain appropriate dress for working in a process control environment.

A1.1.3
Describe the appropriate safety procedures for a process control environment. 

A1.1.4
Describe the proper procedures for performing a lockout/tagout.
	A
A

b

c

	A1.2.1
Explain the difference between a manual open loop and closed loop system.
	A

	A1.3.1
Describe the various types of sight gauges and how they are used to make measurements.
	b

	MODULE A OUTLINE:
· Concepts of Process Control

· Terms and definitions

· System familiarization

· Safety

· Dress

· Rules of process safety

· Lockout/tagout

· Manual control

· Open loop

· Closed loop

· Sight gauges

· Functions of sight gauge measurement

· Operation of float type gauges

· Reading gauges




	MODULE B – INSTRUMENT TAGS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to read and interpret block diagrams and instrument tags.  Topics include block diagrams, instrument tag fundamentals, and interpreting tags. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Read and interpret block diagrams and instrument tags. 
	B1.1
Draw a block diagram of a process system.
	3c

	
	B1.2
Identify type and location of device by tag.
	3c

	
	B1.3
Draw an instrument tag from specified information.
	3b

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Explain the function and symbols in a block diagram.
	B

	B1.2.1
Describe the information contained on an instrument tag and how it is used.

B1.2.2
Explain the different types of tags and their meanings.
	B
B

	B1.3.1
Explain how tags define areas and loops of devices.
	A

	MODULE B OUTLINE:
· Block diagrams

· Function
· Symbols
· Instrument tag fundamentals
· Types of information
· Types of tags
· Location of devices

· Interpreting tags
· Tag use

· How tags identify areas and loops of devices


	MODULE C – PIPING AND INSTRUMENTATION DIAGRAMS (P & ID)

	MODULE DESCRIPTION – The purpose of this module is to teach the students to read and understand the elements of a P&ID diagram.  Topics include line symbols, valve and pump symbols, level and flow elements, pressure and temperature elements, and instrument index.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Read and understand the elements of a P&ID diagram.
	C1.1
Draw a P & ID of a complete process control system.
	2B

	
	C1.1
Use an instrument index to determine all applicable information.
	B

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Explain the function of line symbols.
C1.1.2
Explain the function of binary signals.

C1.1.3
Explain the function of valve and pump symbols.

C1.1.4
Define the various terms used with pump symbols.
C1.1.5
Explain the function of level and flow elements.

C1.1.6
Describe how liquid level and flow are sensed.

C1.1.7
Describe how pressure and temperature are sensed.

C1.1.8
Describe how to read and interpret an instrument index.
	B
B

B

B

B

B

B

B

	MODULE C OUTLINE:
· Line symbols

· Function

· Binary signals

· Valve and pump symbols

· Terms and definitions

· Pump symbols

· Level and flow elements
· Liquid level sensing
· Flow sensing

· Pressure and temperature elements

· Pressure sensing

· Temperature sensing

· Instrument Index

· Function and interpretation


	MODULE D – LOOP CONTROLLERS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to use a loop controller to control a basic process.  Topics include loop controllers, loop controller parameters, and manual operation of a controller.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Use a loop controller to control a basic process.
	D1.1
Navigate the menu system for the PID.
	3c


	
	D1.1
Change the controller parameters in the PID.
	3c

	
	D1.1
Operate the controller in the manual mode.
	3c

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Explain the categories of different types of controllers.
D1.1.2
Describe the menu system and the modes of a controller.

D1.1.3
Explain the various types of controller parameters.

D1.1.4
Describe the different variables entered into a controller.

D1.1.5
Explain how a controller is operated manually.

D1.1.6
Describe how a controller is connected to the inputs and outputs.


	B
b

B

B

B

b

	MODULE D OUTLINE:
· Loop Controllers
· Categories of controllers
· Modes of control
· Menu system

· Loop controller parameters
· Types
· Entering, viewing, and interpreting variables
· Manual operation of a controller
· Operation in the manual mode
· Connection
· Operation




	MODULE E – FINAL CONTROL ELEMENTS

	MODULE DESCRIPTION – The purpose of this module is to teach the students to connect and use an I/P converter and a proportional control valve.  Topics include I/P converter operation, I/P converter calibration, and proportional control valves.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Connect and use an I/P converter and a proportional control valve.
	E1.1
Connect and operate an I/P converter.
	3c

	
	E1.1
Calibrate an I/P converter using a multimeter and a loop calibrator.
	3c

	
	E1.2
Connect and operate a proportional control valve.
	3c

	
	E1.2
Adjust the spring of a diaphragm actuator.
	3c

	LEARNING OBJECTIVES 
	KSA

	E1.1.1
Describe the function and operation of an I/P converter.

E1.1.2
Explain how to properly connect an I/P converter.

E1.1.3
Describe the various methods for calibrating an I/P converter.
	B
b

b

	E1.2.1
Differentiate between the different types of proportional control valves.

E1.2.2
Explain the proper operation of a proportional control valve.

E1.2.3
Explain how to connect a proportional control valve.
	B
B

b

	MODULE E OUTLINE:
· I/P converter operation
· Function
· Construction
· Connection

· Operation

· I/P converter calibration
· Loop calibration
· Multimeter calibration
· Proportional control valves
· Types and application of valves
· Operation
· Connection


	MODULE F – LEVEL MEASUREMENT

	MODULE DESCRIPTION – The purpose of this module is to teach the students to operate a process control system to control liquid level in a tank.  Topics include level sensor operation, level sensor signal measurement, and display scaling.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	F1.0
Operate a process control system to control liquid level in a tank.
	F1.1
Connect and operate a variable capacitance pressure sensor.
	3c

	
	F1.1
Perform level unit conversions.
	3c

	
	F1.1
Use a multimeter to test pressure sensor operation. 
	3c

	
	F1.1
Configure and operate a process meter.
	3c

	LEARNING OBJECTIVES 
	KSA

	F1.1.1
Describe the operation of a level sensor.
F1.1.2
Differentiate between a transducer and a transmitter.

F1.1.3
Describe how to connect a pressure sensor.

F1.1.3
Explain the signal output of a transducer.

F1.1.4
Define specific gravity and sensitivity.

F1.1.5
Convert different units used in level measurement.

F1.1.6
Define various terms used in display scaling.

F1.1.7
Describe how process meters perform measurements.
	B
B

b

B

B

b

B

B

	MODULE F OUTLINE:
· Level sensor operation
· Transducer
· Transmitter

· Analog signal outputs
· Level sensor signal measurement
· Specific gravity
· Converting level units
· Sensitivity
· Display scaling
· Terms and definitions
· Process meters




	MODULE G – LIQUID LEVEL CONTROL

	MODULE DESCRIPTION – The purpose of this module is to teach the students to use a PID controller to perform liquid level control using on/off and closed loop control.  Topics include relay based on/off control, process meter on/off control, close loop level control, and discrete input/output functions.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	G1.0
Use a PID controller to perform liquid level control using on/off and closed loop control. 
	G1.1
Control the level in a tank using on/off control.
	3c


	
	G1.1
Program and operate a process meter to perform on/off control.
	3c

	
	G1.1
Configure and operate a PID controller using closed loop control.
	3c

	
	G1.1
Connect and operate discrete inputs and outputs on a PID controller.
	3c

	LEARNING OBJECTIVES 
	KSA

	G1.1.1
Describe relay based on/off control.
G1.1.2
Explain on/off control using a process meter.

G1.1.3
Describe the system operation and controller configuration of a closed loop level control system.

G1.1.4
Explain the discrete input/output functions.

G1.1.5
Describe how to set up alarms.
	B
B

B

B

B

	MODULE G OUTLINE:
· Relay based on/off control
· Operation
· Relay systems
· Process meter on/off control
· Programming
· Outputs
· Close loop level control
· System operation
· Controller configuration
· Discrete input/output functions
· Alarms
· Discrete inputs and outputs


	MODULE H – METHODS OF AUTOMATIC CONTROL

	MODULE DESCRIPTION – The purpose of this module is to teach the students to use a PID controller to perform all types of process control.  Topics include performance concepts, proportional control, proportional-integral control, and proportional-integral-derivative control.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	H1.0
Use a PID controller to perform all types of process control.
	H1.1
Operate a controller using proportional control.
	3c

	
	H1.1
Operate a controller using proportional-integral control.
	3c

	
	H1.1
Operate a controller using proportional-integral-derivative control.
	3c

	LEARNING OBJECTIVES 
	KSA

	H1.1.1
Differentiate between steady and transient states.
H1.1.2
Explain gain and stability.

H1.1.3
Describe proportional control.

H1.1.4
Explain how proportional control is used in a closed loop system.

H1.1.5
Define proportional band and reset constant.

H1.1.6
Explain how proportional-integral control is used in a closed loop system.

H1.1.7
Define reset time, reset rate, and reset wind-up.

H1.1.8
Explain how proportional-integral-derivative control is used in a closed loop system.

H1.1.9
Define rate control.

H1.1.10
Explain the advantages and disadvantages of all three types of control.


	C
B

B

B

B

B

B

B

B

C

	MODULE H OUTLINE:
· Performance concepts
· Steady and transient states
· Gain and stability
· Proportional control
· Closed loop systems
· Proportional band
· Reset constant
· Proportional-integral control
· Reset time
· Reset rate

· Reset wind-up

· Proportional-integral-derivative control

· Rate control

· Advantages and disadvantages




	MODULE I – BASIC FLOW MEASUREMENT AND CONTROL

	MODULE DESCRIPTION – The purpose of this module is to teach the students to use a PID controller and process meters to make flow measurements and control the flow.  Topics include flow measurement units, flow sensors, flow measurement, and basic flow control.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	I1.0
Use a PID controller and process meters to make flow measurements and control the flow. 
	I1.1
Configure, calibrate, and measure flow using a flow transmitter and a paddle wheel sensor.
	3c

	
	I1.2
Operate a flow control loop using a PID and paddle wheel sensor.

	3c

	LEARNING OBJECTIVES 
	KSA

	I1.1.1
Explain the various units of flow measurement.
I1.1.2
Convert various units of flow measurement.

I1.1.3
Describe the different categories of flow sensors.

I1.1.4
Explain the operation and construction of flow sensors.

I1.1.5
Explain how flow is measured using digital flow transmitters.

I1.1.6
Describe how flow transmitters are calibrated.
	B
C

B

B

B

b

	I1.2.1
Explain a closed loop flow control system.

I1.2.2
Describe how flow is controlled using a PID controller.
	B
B

	MODULE I OUTLINE:
· Flow measurement units
· Flow units
· Unit conversion
· Flow sensors
· Categories of sensors
· Construction of sensors
· Operation of sensors
· Flow measurement
· Digital flow transmitters
· Calibration parameters

· Basic flow control

· Closed loop flow control system

· Flow control using PID controller




	MODULE J – CONTROL LOOP PERFORMANCE

	MODULE DESCRIPTION – The purpose of this module is to teach the students to tune a control loop using various industry approved methods.  Topics include resolution, accuracy and repeatability, open loop tuning, and closed loop tuning. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	J1.0
Tune a control loop using various industry approved methods.
	J1.1
Tune a control loop using the process reaction curve method.
	2b

	
	J1.2
Tune a control loop using the ultimate gain closed loop method.



	2b

	LEARNING OBJECTIVES 
	KSA

	J1.1.1
Explain resolution.
J1.1.2
Describe control loop optimization.

J1.1.3
Define accuracy and repeatability.

J1.1.4
Explain the different terms, definitions, and methods of expressing accuracy.

J1.1.5
Describe open loop tuning.

J1.1.6
Explain the terms and definitions used in the process reaction curve open loop method of optimization.
	B
B

B

B

B

C

	J1.2.1
Describe closed loop tuning.

J1.2.2
Explain the terms and definitions used in the ultimate gain closed loop method of optimization.
	B
C

	MODULE J OUTLINE:
· Resolution
· Control loop optimization
· Instrument resolution
· Accuracy and repeatability
· Terms and definitions
· Methods of expressing accuracy
· Open loop tuning
· Terms and definitions

· Process reaction curve open loop method
· Closed loop tuning
· Terms and definitions
· The ultimate gain closed loop method



LEARNING OUTCOMES Table of specifications

The table below identifies the percentage of learning objectives for each module.  Instructors should develop sufficient numbers of test items at the appropriate level of evaluation.  
	
	Facts/ Nomenclature
	Principles/ Procedures
	Analysis/ Operating Principles
	Evaluation/ Complete Theory

	
	A/a
	B/b
	C/c
	D/d

	Module A
	50%
	33%
	17%
	

	Module B
	25%
	75%
	
	

	Module C
	
	100%
	
	

	Module D
	
	100%
	
	

	Module E
	
	100%
	
	

	Module F
	
	100%
	
	

	Module G
	
	100%
	
	

	Module H
	
	80%
	20%
	

	Module I
	
	87.5%
	12.5%
	

	Module J
	
	75%
	25%
	


	Knowledge, Skills, and Attitudes (KSA) Indicators

	
	Value
	Key Word(s)
	Definition

	Performance 
Ability 
	4
	Highly 

Proficient
	Performs competency quickly and accurately.  Instructs others how to do the competency. 

	
	3
	Proficient
	Performs all parts of the competency.  Needs only a spot check of completed work.

	
	2
	Partially

 Proficient
	Performs most parts of the competency.  Needs help only on hardest parts. 

	
	1
	Limited Proficiency
	Performs simple parts of the competency.  Needs to be told or shown how to do most of the competency. 

	Knowledge of Skills
	d
	Complete

Theory
	Predicts, isolates, and resolves problems about the competency.

	
	c
	Operating Principles
	Identifies why and when the competency must be done and why each step is needed.

	
	b
	Procedures
	Determines step-by-step procedures for doing the competency.

	
	a
	Nomenclature
	Names parts, tools, and simple facts about the competency.

	Knowledge
	D
	Evaluation
	Evaluates conditions and makes proper decisions about the subject.

	
	C
	Analysis
	Analyzes facts and principles and draws conclusions about the subject.

	
	B
	Principles
	Identifies relationship of basic facts and states general principles about the subject.

	
	A
	Facts
	Identifies basic facts and terms about the subject.

	Affective
	*5
	Characterization by Value
	Acting consistently with the new value

	
	*4
	Organization
	Integrating a new value into one's general set of values, giving it some ranking among one's general priorities

	
	*3
	Valuing
	Showing some definite involvement or commitment

	
	*2
	Responding
	Showing some new behaviors as a result of experience

	
	*1
	Receiving
	Being aware of or attending to something in the environment

	Alpha Scale Values - Any item with an upper case letter (A, B, C, D) by itself is taught as general information on a topic.  This information may be related to the competency or encompass multiple competencies.  Examples might include mathematical computations or knowledge of principles such as Ohm’s Law.

A lower case letter indicates a level of ”Knowledge of Skills."  Individuals are taught information pertaining to performing a competency .  These may be indicated alone or in conjunction with a numerical scale value.  A lower case letter by itself indicates the individual is not required to perform the task-just know about the task.  (example: Can state or explain procedures for doing a task).

Numerical Scale Values - The numbers reflect the levels the individual will be able to perform a competency. Number values are always accompanied by lower case letters (i.e. 1a, 2b, 3c...etc.) in order to specify the level of knowledge of skills associated with the competency.   

Example:  An individual with a competency with a scale indicator of 3b has received training of knowledge of skills whereby he or she can determine the correct procedures and perform with limited supervision; only requiring evaluation of the finished product or procedure.

Asterisk items indicate desired affective domain levels and are used to indicate the desired level for a given competency.   They may be used independently or with other indicators (i.e.   1a-*1, 2c-*3).  If used with another indicator, separate with a hyphen.

NOTE:  Codes indicate terminal values.
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