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COURSE DESCRIPTION:
This course covers techniques involved when grouping related machines for the purpose of completing a series of manufacturing processes in a flexible manufacturing cell. The student will be involved with the computerized integration of programmable control systems such as robotics, machine tools, and other peripheral equipment to emulate real-world manufacturing concepts employed in flexible manufacturing cells.
CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

2hours
Lab Credit Hours



2 hours  

Total Credit Hours 



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

PREREQUISITE COURSES 
As determined by college.
CO-REQUISITE COURSES 
As determined by college.
PROFESSIONAL COMPETENCIES

· Demonstrate safety practices associated with flexible manufacturing cells
· Set up and configure a machine vision system for a flexible manufacturing cell
· Set up and configure a servo control system for a flexible manufacturing cell
· Set up and configure network input/output communications for a flexible manufacturing cell
· Using an AC drive, set up and configure motor controls for a flexible manufacturing cell
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to flexible manufacturing cells.
· Psychomotor – Apply principles of flexible manufacturing cells.
· Affective – Value the importance of adhering to policy and procedures related to flexible manufacturing cells.
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 – SAFETY

	MODULE DESCRIPTION – The purpose of this module is to teach the students to develop awareness of safety principles used when working with flexible manufacturing cells. Hands-on exercises will also be used to show the procedure used to lockout/tagout a system.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Demonstrate safety practices associated with flexible manufacturing cells
	A1.1
This competency will be tested cognitively.
	2



	
	A1.2
Perform lockout/tagout standard, 29 CFR 1910.147

A1.2
Perform lockout/tagout procedure with various types equipment.
	3

3



	
	A1.3
Connect and test an emergency switch station.
	3

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Define terms relating to safety.

A1.1.2
List possible causes of accidents.

A1.1.3
Describe common sources of accidents.
A1.1.4
Define ways to prevent accidents.

A1.1.5
List safe procedures for working with equipment and hand tools.
	2
2

2

3

1

	A1.2.1
Define lockout/tagout and how it is used in industry.

A1.2.2
Define notification of employees.
A1.2.3
Explain NFPA 70-3, Standard for Electrical Safety in the Workplace, requirements for arc flash safety procedures.
	2

2

2



	A1.3.1
Describe the operation of an emergency switch station.

	3



	MODULE A OUTLINE:
· Terminology

· Causes of accidents

· Sources of accidents

· Accident prevention

· Equipment and hand tool safety

· Lockout/tagout

· Arc flash

· Emergency switch station

· Operation

· Connection & Testing


	MODULE B – MACHINE VISION

	MODULE DESCRIPTION – This module covers basic fundamentals in using a machine vision system. Students will acquire skills used to setup software, maintain and troubleshoot machine vision at the system level, product level, and tool level through hands-on exercises.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Set up and configure a machine vision system for a flexible manufacturing cell
	B1.1
Construct, program and test a machine vision system.
	2


	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Define various terms associated with machine vision systems:

· Resolution

· Field of view (FOV)

· Working distance (WD)

· Depth of field (DOF)

· Image data acquisition rate
B1.1.2
Identify components which comprise a machine vision system.

B1.1.3
Describe major positioning parameters which govern a machine vision system for various applications.
B1.1.4
Explain how to use software to configure vision system.

B1.1.5
Explain various considerations when constructing a vision system.

B1.1.6
Describe how to test a vision system.

B1.1.7
Explain the various aspects of troubleshooting a vision system.

B1.1.8
Describe the operation of a vision system.
	1
2

2

3

2

2

2

2



	MODULE B OUTLINE:
· Terminology

· Resolution

· Field of view (FOV)

· Working distance (WD)

· Depth of field (DOF)

· Image data acquisition rate

· Position parameters

· Vision systems

· Configurations

· Construction

· Testing

· Troubleshooting

· Operation




	MODULE C – SERVO CONTROL

	MODULE DESCRIPTION – This module allows the student to acquire the skills required by industry to accurately utilize tuning software to test and position a servo control system within a flexible manufacturing system.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Set up and configure a servo control system for a flexible manufacturing cell
	C1.1
Set up, tune, construct, configure, test, and troubleshoot a digital servo drive in a flexible manufacturing system.


	2

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Identify components of a digital servo drive.

C1.1.2
Describe  the operation of components comprising a digital servo drive:

· Servo motors

· Brushed DC motors

· Brushless DC motors

· Optical encoders

· Servo drive

· Servo control
C1.1.3
Describe the tuning of a digital servo drive 

C1.1.4
Describe how to perform the set up procedure for a digital servo drive using software.
C1.1.5
Describe how to configure a computer for communication with a digital servo drive.
C1.1.6
Identify communication feedback parameters for a digital servo drive.
C1.1.7
Explain how to configure the drive parameters and application mechanical limits to a digital servo drive.
C1.1.8
Describe the operation of a digital servo drive with a flexible manufacturing system.

C1.1.9
Describe how to perform the tuning procedure for a digital servo drive with the flexible manufacturing system. 
C1.1.10
Explain the test procedure for the digital servo drive with the linear guide in a flexible manufacturing system. 
C1.1.11
Describe how to troubleshoot a digital servo drive system.
	1
2

2
2

2

1

2

2
2

2

2

	MODULE C OUTLINE:
· Digital servo drive

· Components

· Component operation

· Servo motors

· Brushed DC motors

· Optical encoders

· Servo drive

· Servo control

· PID control

· Construction

· Set-up

· Configuring

· Computer for communication

· Drive parameters

· Application mechanical limits

· Communication feedback parameters

· Digital servo drive system

· Tuning procedure

· Testing procedures

· Troubleshooting procedures



	MODULE D – NETWORK COMMUNICATIONS

	MODULE DESCRIPTION – This module will allow the participate to acquire  skills necessary to setup a system for  network input/output communications and to control an AC drive through a  control system network.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Set up and configure network input/output communications for a flexible manufacturing cell
	D1.1
Setup standard communication with an AC drive.
	2

	
	D1.2
Setup a DeviceNet communication with an AC drive.  

D1.2
Interpret, troubleshoot, and recommend a course of action for network I/O communication applications.
	2

2

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Explain how to configure an Ethernet network for communications between a computer and a PLC to control indicator lights.

D1.1.2
Describe how to verify operation and troubleshoot communications between a computer and PLC.
	2
2

	D1.2.1
Describe the operation of network input/output communications.

D1.2.2
Explain the relationship between network and hardware communications
D1.2.3
Explain how to configure network input/output communications with an AC drive.

D1.2.4
Explain how to start network configuration software
D1.2.5
Describe how to develop a PLC program to control AC drive.

D1.2.6
Explain how to interpret, troubleshoot, and recommend a course of action for network input/output communication applications
	2

2

2

2

2

2

	MODULE D OUTLINE:
· Computer to PLC communication

· Ethernet network configuration

· Verify operation

· Troubleshooting

· Network input/output communications

· Operation

· Relationship with control system network

· Configuring network communications with AC drive

· Network configuration software

· PLC communication and configuration

· Applications

· Interpret

· Troubleshoot

· Course of action recommendations




	MODULE E – AC DRIVES

	MODULE DESCRIPTION – This module will allow the student to  acquire the skills to setup an AC drive to control the speed of a motor.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	E1.0
Using an AC drive, set up and configure motor controls for a flexible manufacturing cell
	E1.1
Configure an ac drive.
	2

	
	E1.2
Construct a circuit to control a conveyor.  
	2

	LEARNING OBJECTIVES 
	KSA

	E1.1.1
Define terms associated with AC drives.
E1.1.2
Describe various parameters of an AC drive.
E1.1.3
Display and record factory default parameters set on an AC drive.
E1.1.4
Measure and record three-phase motor voltage and current on an AC drive.
E1.1.5
Verify the acceleration time for an AC drive.

E1.1.6
Describe troubleshooting of an AC drive.
	1
2

1

3

3

2

	E1.2.1
Connect an AC drive to a motor such as a conveyor motor.

E1.2.2
Configure an AC drive to control the speed of a motor such as a conveyor motor.
E1.2.3
Test and record drive operating parameters of an AC drive while controlling a motor such as a conveyor motor.

E1.2.4
Troubleshoot an AC drive while controlling a motor such as a conveyor motor.
	2

2

2

2

	MODULE E OUTLINE:
· Terminology

· Parameters

· Factory default parameters

· Three-phase motor voltage & current

· Measurements

· Recording

· Acceleration time verification

· Troubleshooting

· Application

· Connection

· Configuration

· Test & recording of operating parameters

· Troubleshooting




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

	
	1
	2
	3
	4

	Module A
	11%
	67%
	22%
	

	Module B
	12.5%
	75%
	12.5%
	

	Module C
	18%
	82%
	
	

	Module D
	
	100%
	
	

	Module E
	20%
	60%
	20%
	


	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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