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COURSE DESCRIPTION 

This course introduces principle concepts and applications of robotics. Topics include the history of robotics, social implications, basic conceptual design, and primary applications. Emphasis is placed on robot classification, safety, associated terminology, robotic applications, understanding the interfacing of electrical control systems necessary for robotic movement and articulation, servomotors, power systems, control systems, end-of-arm tooling, and other fundamentals. Upon completion students should be able to describe the various robot classifications, characteristics, explain system operations of simple robots, and work with robotic systems.  
CREDIT HOURS 
Theory

2 credit hours

Lab


1 credit hour

Total


3 credit hours

NOTE: Theory credit hours are a 1:1 contact to credit ratio.  Colleges may schedule lab hours as 3:1 and/or 2:1 contact to credit ratio.  Clinical hours are 3:1 contact to credit ratio. (Ref Board Policy 705.01)

Recent Changes

	Module B
	Changes

	B1.1.10

	Removed this learning objective
	Due to industry feedback.




PREREQUISITE COURSES 
Determined by college unless stated otherwise 

CO-REQUISITE COURSES 
Determined by college unless stated otherwise

PROFESSIONAL COMPETENCIES
· Describe robots and their applications in modern society. 
· Explain personal and equipment safety standards and requirements.
· Demonstrate personal and equipment safety standards and requirements.
· Describe various industrial robotic applications.
· Explain robotic fundamentals, arm motion, and path computations.
· Demonstrate manipulation / utilization of a robot’s primary function and motion (arm motion, movement, placement, etc.).
· Explain the use of various power sources used with industrial robotics. 
· Demonstrate power supply connection, test, and power-up procedures.
· Demonstrate robotic end effector and end-of-arm (EOA) tooling selection, alignment, and specification compliance. 
· Demonstrate robotic controls system application and compliance.
INSTRUCTIONAL GOALS  

· Cognitive:  Comprehend principles and concepts related to Introduction to Robotics.
· Psychomotor:  Apply principles of Introduction to Robotics.
· Affective:  Value the importance of adhering to policy and procedures related to Introduction to Robotics.
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 ROBOTICS

	MODULE DESCRIPTION:  This module introduces the topic of robotics.  First it will examine the historical roots of robots, and then the students will categorize robots by characteristics.  A look at robotic specific terms will help lay the ground work for later modules.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0  Describe robots and their applications in modern society. 
	A1.1 This competency is measured cognitively.


	3


	LEARNING OBJECTIVES 
	KSA

	A1.1.1  
Describe the historical significance of robots in society

A1.1.2  
Describe the major categories of robots

A1.1.3  
Identify the distinguishing characteristics of stationary robots

A1.1.4  
Explain the primary purposes and functions of stationary robots

A1.1.5  
Identify the distinguishing characteristics of mobile robots

A1.1.6  
Explain the primary purposes and functions of mobile robots

A1.1.7  
Explain the significance of robots in modern society

A1.1.8  
Describe how robots are used in manufacturing sectors (pressure & stir welding, painting, material-handling, pick-and-place dispensing, water-jet, etc.)

A1.1.9  
Describe how robots area used in the medical sector

A1.1.10  
Explain changes brought about by robots in modern society

A1.1.11  
Differentiate between a major manufacturing sector with robots and the same sector without robots

A1.1.12 
Explain the various industrial improvements made possible because of robot introduction to the workplace

A1.1.13 
Define various robot related terms (nugget, pendant, EOA, etc.)

A1.1.14 
Explain the limiting human factors caused by introduction of robots in the workplace

A1.1.15 
Differentiate and conclude the overall significance of robots in the workplace
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	OUTLINE

· History

· Robot Technology and Automation

· Applications

· Reasons for implementation

· Economic issues




	MODULE B – SAFETY STANDARDS AND REQUIREMENTS

	MODULE DESCRIPTION:  This module will teach the students the necessary safety precautions when working around robots.  It includes appropriate safety standards, personal equipment requirements, work cells, movement safety, robotic components, barrier guards, etc.  The students will also examine National robotic codes.  

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE
	

	B1.0  Explain personal and equipment safety standards and requirements. 
	B1.1  This competency is measured cognitively


	3


	B2.0  Demonstrate personal and equipment safety standards and requirements.
	B2.1  Demonstrate compliance with personal and equipment safety standards and requirements 

NOTE: This competency is evaluated throughout the course.

B2.2  Perform safety inspections 
	3
3

	LEARNING OBJECTIVES 
	KSA

	B1.1.1  
Describe the work environment of a robot

B1.1.2  
Define the term ‘restricted area’ as associated with robots

B1.1.3  
Identify human hazards associated with robots

B1.1.4  
Read and interpret basic electrical symbols 

B1.1.5  
Read and interpret electrical safety requirements

B1.1.6  
Identify robot safety components and equipment safety symbols

B1.1.7  
Interpret with specific ‘yellow/red striped’ areas

B1.1.8  
Read and interpret system diagrams and flow chart symbols

B1.1.9  
Explain the steps associated with ‘Lock Out – Tag Out’ procedures

B1.1.10 
Explain the steps associated with a medical ‘self aid – buddy care’ program 

B1.1.11 
Define the term ‘work cell’
B1.1.12 
Define the term ‘movement safety’
B1.1.13 
Define the term ‘proximity safety’ 

B1.1.14 
Define the term ‘home position’ 

B1.1.15 
Describe the rationale for a required safe distance around robot movements (20” or 0.5 meters).
B1.1.16 
Identify various robot-specific components (terminals, connectors, harnesses, brake leads, control arms, etc.)
B1.1.17 
Describe the function and use of a ‘dead-man’ switch

B1.1.18 
Define the term ‘barrier guard heights’

B1.1.19 
Define the term “Attended Program Verification” (APV)

B1.1.20 
Explain the significance of an APV and human-robot safety

B1.1.21 
Define the phrase ‘force through fluids’

B1.1.22 
Define the terminology ‘static hydraulic systems’

B1.1.23 
Identify equipment proximity hazards associated with robots

B1.1.24 
Explain high-pressure safety (gases and fluids)
B1.1.25 
Explain the significance of the 1999 ANSI/RIA R15.06 1999 Safety Standard for robots (Industrial Robots and Robot Systems - Safety Requirements)
B1.1.26 
Explain the significance of the National Fire Protection Association (NFPA) 79, Electrical Standard for Industrial Machinery, as it relates to robots
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	B1.1.27 
Describe the specific NFPA 79 requirements for ‘emergency stop circuitry’ as applied to robots

B1.1.28 
Explain the significance of the Canadian Standards Association (CSA) CSA Z434:2003 standard and its applicability to ANSI/RIA R15.06 1999

B1.1.29 
Differentiate between the various requirements of OSHA, ANSI, NFPA, and CSA on overall safety when working with robots


	3
3
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	B2.1.1  Describe procedures for safely exiting and securing a robotic work cell 

B2.1.2  Explain ‘Lock Out – Tag Out’ procedures

B2.1.3  Describe the steps associated with robot equipment safety inspection 

B2.1.4  Explain how the ‘dead-man’ switch is used

B2.1.5  Describe the steps associated with securing a robot pendant

B2.1.6  Explain the proper use of a risk assessment matrix

B2.1.7  Describe clearance requirements for robot work cells

B2.1.8  Describe the steps associated with securing the end-of-arm tooling fixture
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	B2.2.1  Describe the steps associated with OSHA requirements for a robot safety inspection
	3

	OUTLINE

· Robot safety

· Safety standards and guidelines

· Human factor issues

· Safeguarding

· Training


	MODULE C – ROBOTS IN INDUSTRY

	MODULE DESCRIPTION:  This module takes a look at various robotic applications; their task requirements, and how they handle material.  It also teaches students how to perform evaluations for industrial applications.

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE
	KSA

	C1.0  Describe various industrial robotic applications. 
	C1.1  
Evaluate job/task requirements for robotic applications within the materials handling, processing, assembly, and inspection industrial sectors
	3

	
	C1.2  Demonstrate appropriate robotic evaluation and selection to meet requirements in a specified industrial application
	3

	LEARNING OBJECTIVES
	KSA

	C1.1.1  
Identify the major industrial robotic application arenas

C1.1.2  
Describe the process of robotic “material handling”

C1.1.3  
Explain how robots are used in material handling industrial operations

C1.1.4  
Describe efficiencies realized through the use of robots in material handling operations

C1.1.5  
Describe  the best type, classification, and end-effector requirements for material handling operations
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	C1.1.6  
Describe the role of robotics in “processing operations”

C1.1.7  
Explain how robots are used in processing industrial operations

C1.1.8  
Describe efficiencies realized through the use of robots in processing operations

C1.1.9  
Describe  the best type, classification, and end-effector requirements for processing operations

C1.1.10  Describe the role of robotics in “assembly operations”

C1.1.11  Explain how robots are used in assembly industrial operations

C1.1.12  Describe efficiencies realized through the use of robots in assembly operations

C1.1.13  Describe  the best type, classification, and end-effector requirements for assembly operations

C1.1.14  Describe the role of robotics in “inspection operations”

C1.1.15  Explain how robots are used in inspection industrial operations

C1.1.16  Describe efficiencies realized through the use of robots in inspection operations

C1.1.17  Describe  the best type, classification, and end-effector requirements for inspection operations

C1.1.18  Differentiate among the processes of evaluating production jobs/tasks in determining robot requirements and criteria for materials handling, processing, assembly, and inspection operations

C1.1.19  Differentiate between evaluated job task criteria and applicable robotic operations in material handling, processing operations, assembly operations, and inspection operations 
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	C1.2.1  Describe the process for selecting the appropriate type and classification of robot for meeting job task criteria in each area
	3

	OUTLINE

· Material handling

· Processing operations

· Assembly operations

· Inspection operations

· Application evaluation

· Robot selection

· Future applications


	MODULE D – ROBOTIC FUNDAMENTALS 

	MODULE DESCRIPTION:  This module introduces the students to robotic characteristics, components, and classifications.  They will learn various types of motion paths and control functions.

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE
	KSA

	D1.0  
Explain robotic fundamentals, arm motion, and path computations. 
	D1.1  
This competency is measured cognitively
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	D2.0  
Demonstrate manipulation / utilization of a robot’s primary function and motion (arm motion, movement, placement, etc.) 
	D2.1  
Demonstrate robotic control, manipulation, and utilization of a robot’s primary function of motion (arm motion, movement, placement, etc
	3

	LEARNING OBJECTIVES 
	KSA

	D1.1.1  
Identify the general characteristics and configurations of robots

D1.1.2  
Explain how each characteristic relates to the industrial use of the robot

D1.1.3  
Identify the major component groups on an industrial robot

D1.1.4  
Explain the function of each component group as related to its industrial application

D1.1.5  
Describe the five (5) common anatomies of industrial robots

D1.1.6  
Explain how each component relates to the anatomical location on the robot

D1.1.7  
Describe the six (6) categories/classifications of robots and differentiate between each of the six (6)

D1.1.8  
Differentiate between the terms work-cell and work-envelop

D1.1.9
Differentiate between the terms end-of-arm-tooling (EOAT), end effector, fixtures, and payload

D1.1.10 
Differentiate between the terms speed, velocity, acceleration, and deceleration

D1.1.11 
Differentiate between the terms slew, roll, pitch, yaw, position axes, degrees of freedom, and world coordinate system

D1.1.12 
Differentiate between the terms cycle, accuracy, repeatability, and resolution

D1.1.13 
Describe the various types of robotic power supplies

D1.1.14 
Describe the types of available robotic controllers 

D1.1.15 
Explain the various uses of robotic manipulators

D1.1.16 
Explain the relationships between the power supply, controller, and manipulator

D1.1.17 
Differentiate between the various power supplies, controllers, and manipulators 

D1.1.18 
Describe how various arm geometries can be used in industry

D1.1.19 
Explain the various types of path control used in robotics

D1.1.20 
Define the term “intelligent levels” as related to robotics

D1.1.21 
Describe the various intelligent levels of selected types of robots
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	D2.1.1  
Explain how variations in power supply and controller adjustments can cause various movements in the manipulator arm

D2.1.2  
Explain how the manipulator arm can be positioned to produce movement and functioning to meet industrial production and manufacturing requirements
	2
2


	OUTLINE
· General characteristics

· Components

· Anatomy

· Classification

· Arm geometry

· Types of motion and path control

· Intelligent levels


	MODULE E – POWER SOURCES 

	MODULE DESCRIPTION:  This module examines the various power sources of robots.  The students will be exposed to each power source and explain the advantages and disadvantages of each.  They will also be able to connect robots to their power source, and perform operational tests.

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE
	KSA

	E1.0  
Explain the use of various power sources used with industrial robotics. 
	E1.1  This competency is measured cognitively


	3


	E2.0  
Demonstrate power supply connection, test, and power-up procedures. 
	E2.1  
Demonstrate robotic power supply electrical test, and utilization in the performance of industrial robotic operations


	3

	LEARNING OBJECTIVES 
	KSA

	E1.1.1  
Identify the various types of power sources used in robotics

E1.1.2  
Identify the various mechanical components powered by one of the power sources 

E1.1.3  
Describe the use of electricity in robotics

E1.1.4  
Explain the difference between the use of electricity in robotics and using it as a power source for movement

E1.1.5  
Define electric motor

E1.1.6  
Define electric servo motor

E1.1.7  
Define electric stepper motor

E1.1.8  
Differentiate between the three types and their uses within robotics

E1.1.9  
Describe the use of pneumatics in robotics

E1.1.10  Explain the difference between how electricity is used in robotics and the use of pneumatics as a power source for movement

E1.1.11 
Explain the advantages for using pneumatics in robotics

E1.1.12 
Explain the disadvantages for using pneumatics in robotics

E1.1.13 
Define a rotary actuator

E1.1.14 
Define the term stop-to-stop motion

E1.1.15 
Differentiate between a linear single piston actuator and a double-acting piston actuator

E1.1.16 
Describe the use of hydraulic power supplies in robotics

E1.1.17 
Explain the difference between the use of electricity in robotics and the use of hydraulics as a power source for movement

E1.1.18 
Define hydraulic motor

E1.1.19 
Define hydraulic actuator

E1.1.20 
Define hydraulic accumulator tank or reservoir

E1.1.21 
Differentiate between the three types and their uses within robotics

E1.1.22 
Explain the advantages for using hydraulics in robotics

E1.1.23 
Explain the disadvantages for using hydraulics in robotics
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	E2.1.1  
Describe the process for connecting a robotic electrical servo or stepper motor

E2.1.2  
Describe the steps for connecting a pneumatic controlled power source

E2.1.3  
Describe the steps for connecting a hydraulic controlled power source

E2.1.4  
Differentiate between the various methods for testing power source connections
	3
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	OUTLINE

· Electric motors

· Mechanical components




	MODULE F – END EFFECTORS 

	MODULE DESCRIPTION:  This module introduces the students to the business end of a robot.  How it manipulates, grips, and moves objects from one point to another.  Attention is paid to the various types of grippers and their power sources.

	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE
	KSA

	F1.0 
Demonstrate robotic end effector and end-of-arm (EOA) tooling selection, alignment, and specification compliance. 
	F1.1  This competency is measured cognitively


	3



	
	F1.2  Demonstrate the analysis and computation of gripper force as applied to a standard configuration gripper
	3

	LEARNING OBJECTIVES
	KSA

	F1.1.1  
Define the term “manipulator”

F1.1.2. 
Define the term “end effector”

F1.1.3  
Define the term “linkages”, as associated with robotics

F1.1.4  
Define the term “gripper”

F1.1.5  
Explain the characteristics of a gripper

F1.1.6  
Describe what is meant by “minor linkages”

F1.1.7  
Differentiate between the “minor” and “major” linkages in a robot manipulator

F1.1.8  
Describe where/how an end effector is mounted to the robot

F1.1.9 
Explain the various functions/operations an end effector can have in an industrial robotics
F1.1.10 
Describe the various ways end effectors can be powered/moved
F1.1.11 
Differentiate between the uses of standard grippers and special purpose grippers

F1.1.12 
Describe the various types of power utilized for gripper motion 

F1.1.13 
Differentiate among the various power types and their best industrial application

F1.1.14 
Describe the basic functions of a mechanical gripper

F1.1.15 
Describe the types of constraints end effectors can invoke

F1.1.16 
Differentiate between the use of two (2), three (3), and four (4) finger grippers

F1.1.17 
Differentiate between the two (2) types of closing methods grippers invoke

F1.1.18 
Describe the two (2) types of geometry grippers employ

F1.1.19
Explain the classification schemes of mechanical grippers
F1.1.20 
Describe the various methods used for opening and closing the gripper fingers

F1.1.21 
Explain how the controlling functions of grippers is accomplished
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	F1.1.22 
Define the term “process tooling”

F1.1.23 
Differentiate process tooling from the definition of a manipulator

F1.1.24 
Describe the various industrial applications process tooling can be utilized in

F1.1.25 
Define the term “compliance” as related to robotic manipulators

F1.1.26 
Describe the various types of sensors employed on compliance end effectors

F1.1.27 
Differentiate between “active” and “passive” compliance

F1.1.28 
Explain how “lock out” systems are utilized in manipulators
	1
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	F1.2.1  
Explain the process for converting input power into the required motion and force for grasping an object

F1.2.2  
Explain the formula for gripper force analysis
	3
3

	OUTLINE

· Electric motors

· Mechanical components




	MODULE G – CONTROL SYSTEMS 

	MODULE DESRIPTION:  In this module the student’s perform an in depth study of robotic controls.  They will examine block diagrams for control loops, write ladder logic programs, construct a feedback control loop, establish CNC operations, and design a flowchart for a work cell systems control. 

	OUTLINE
· Hierarchical control structure

· Control system requirements

· Robot controllers

· Servo systems interfacing and work cell control



	INDUSTRY COMPETENCIES
	STUDENT PERFORMANCE
	KSA

	G1.0 Demonstrate robotic controls system application and compliance. 
	G1.1  Design and draw a block diagram for a robotic control loop
	3

	
	G1.2  Write a Ladder Logic program for accomplishing a predicted end effector manipulator movement
	3

	
	G1.3  Construct a PID feedback control loop
	3

	
	G1.4  Select appropriate URC specifications for a specific CNC operation
	3

	
	G1.5  Design a flowchart for work cell systems control
	3

	LEARNING OBJECTIVES 
	KSA 

	G1.1.1  
Define the term “control system” as applied in industrial robotics

G1.1.2  
Describe where control systems are used in industrial robotics

G1.1.3  
Describe the primary purpose(s) of control systems in robotic work cells

G1.1.4  
Describe the role of microprocessors in robotic control systems

G1.1.5  
Explain typical robotic control system requirements

G1.1.6  
Define the term “loop” as applied to control systems

G1.1.7  
Explain the process for designing and drawing a block diagram for a robotic control loop

G1.1.8  
Differentiate between “closed” and “open” control loops

G1.1.9  
Describe the components of a typical robotic control system

G1.1.10 
Describe how Local Area Networks (LAN) are used in robotics
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	G1.2.1  
Define the term Programmable Logic Controller (PLC)

G1.2.2  
Describe the major components of a PLC

G1.2.3  
Explain the functions of a PLC as applied to industrial robotics

G1.2.4  
Explain how PLCs are utilized within robotic control loops

G1.2.5  
Describe several advantages for using PLCs in robotics

G1.2.6  
Define Ladder Logic programming

G1.2.7  
Explain how Flowchart Programming is used in robotics

G1.2.8  
Explain the process for writing ladder logic programs

G1.2.9 
Differentiate between ladder logic and flowchart programming

G1.2.10 
Describe the various types of programming terminals used in robotics
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	G1.3.1  
Define the term “Proportional-Integral-Derivative” (PID) control system

G1.3.2  
Explain how PID control is utilized in industrial robotics

G1.3.3  
Differentiate between PID and a simple “on-off” PLC control program

G1.3.4  
Describe how PIDs provide support to PLCs

G1.3.5  
Explain the main tasks PIDs accomplish

G1.3.6  
Define the term “integral control”

G1.3.7 
Explain how integral control provides feedback to a control system
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	G1.4.1  
Define the term “Computer Numerical Control” (CNC)

G1.4.2  
Describe how CNC control is used in robotics

G1.4.3  
Explain the two (2) types of control circuits used within CNC systems

G1.4.4  
Define the term “microprocessor unit” (MPU)

G1.4.5  
Describe the seven (7) components of an MPU

G1.4.6  
Define the term Universal Robot Controller” (URC)

G1.4.7  
Define the term “interfacing” as applied to robotic control systems

G1.4.8  
Explain how interfacing is accomplished in robotic control systems 

G1.4.9  
Explain the function of the URC in industrial robotics

G1.4.10 
Define the term “URC Specifications”

G1.4.11 
Explain what the URC Specifications provide
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	G1.5.1  
Define the term “work cell control”

G1.5.2  
Explain the criteria necessary for establishing a work cell

G1.5.3  
Explain the functions provided by the work cell controller

G1.5.4  
Describe the functions associated with using sequence control

G1.5.5  
Describe the reasons for using an operator interface

G1.5.6  
Describe how a safety monitoring system is programmed to respond in a hazardous environment
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	OUTLINE
· Hierarchical control structure

· Control system requirements

· Robot controllers

· Servo systems interfacing and work cell control




TEACHING REFERENCES:

Texts:

1. Keramas, J.G., Robot Technology Fundamentals, Delmar Publishers, Inc., Albany, N.Y., 1999, ISBN 0-8273-8236-7

2. Colestock, H., Industrial Robotics: Selection, Design, and Maintenance, The McGraw Hill Companies, Inc., N.Y., 2005, ISBN 0-07-144052-6

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.  
	
	Limited Knowledge and Proficiency
	Moderate Knowledge and Proficiency
	Advanced Knowledge and Proficiency
	Superior Knowledge and Proficiency

	KSA
	1
	2
	3
	4

	Module A
	20%
	13%
	67%
	

	Module B
	31%
	7%
	62%
	

	Module C
	5%
	45%
	50%
	

	Module D
	13%
	35%
	52%
	

	Module E
	22%
	15%
	63%
	

	Module F
	20%
	20%
	60%
	

	Module G
	25%
	36%
	39%
	


	Learner’s Knowledge, Skills and Abilities

	Indicator
	Key Terms
	Description

	1
	Limited Knowledge and Proficiency
	· Identifies basic facts and terms about the subject or competency.

· Performs simple tasks associated with the competency.  Needs to be told or shown how to do most tasks.  

· Requires close supervision.

	2
	Moderate Knowledge and Proficiency
	· Identifies relationship of basic facts and states general principles and can determine step-by-step procedures for doing the competency.

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

· Requires limited supervision.

	3
	Advanced Knowledge and Proficiency
	· Analyzes facts and principles and draws conclusions about the subject to include why and when the competency must be done and why each step is needed.  Can predict outcomes.

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

· Requires little or no direct supervision.

	4
	Superior Knowledge and Proficiency
	· Can evaluate conditions and make appropriate decisions as related to resolving problems. 

· Performs competency quickly and accurately with no direct supervision and is able to instruct and supervise others.  
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