[image: image2.jpg]Alabama
Department of
Postsecondary Education
Representing the Alabama Community College System





Intro to Variable Frequency Drives and Servo Control
AUT 251, IAT 243 


Industry Evaluated Spring 2013    

5/06/13
[image: image2.jpg]
COURSE DESCRIPTION:
This course provides an introduction to variable frequency drives (VFD) and servo drive technology.  Topics include the purpose of VFDs, general operating principles, analog and digital servo drives, and characteristics of practical servo systems.  The Lab enables students to program, test, and run drives and motors.  The removal and replacement of servo drives will also be discussed.  Upon completion students will be able to apply principles of VFDs and servo drives.
CONTACT/CREDIT HOURS 

Theory Credit Hours  
  

2 hours
Lab Credit Hours



1 hour  

Total Credit Hours 



3 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)

Recent Changes

	Module
	Changes
	Reason for change

	A1.1 & 

A1.1.4
	Added learning and performance objectives concerning stored energy safety precautions in VFDs and Servos.
	Added these items due to industry feedback.


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

· Explain the dangers of working in a multiple voltage system.
· Comprehend the functions and capabilities of a VFD, and how to select an appropriate drive for a specific application.
· Identify servo drive types, their uses, and set-up/back-up drive information.
· Install a VFD and servo drive.
INSTRUCTIONAL GOALS

· Cognitive – Comprehend principles and concepts related to variable frequency drives and servo control.
· Psychomotor – Apply principles of variable frequency drives and servo control.
· Affective – Value the importance of adhering to policy and procedures related to variable frequency drives and servo control.
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 explain the dangers of working in a multiple voltage system.  Topics include multiple phase power systems, and multiple lock-out tag-out procedures. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	A1.0
Explain the dangers of working in a multiple voltage system.
	A1.1
Demonstrate how to perform multiple voltage lock-out, tag-out. 
A1.1
Demonstrate how to discharge stored energy prior to equipment maintenance.
	3
3

	LEARNING OBJECTIVES 
	KSA

	A1.1.1
Identify multiple power sources in one control cabinet, from prints.

A1.1.2
Physically identify multiple power sources in one control cabinet.  
A1.1.3
Describe how to perform multiple lock-out, tag-out actions.

A1.1.4
Describe the dangers of stored energy in VFDs and servo drives.
	3
3

3

3

	MODULE A OUTLINE:
· Lock-Out, Tag out
· Multiple sources of power


	MODULE B – VARIABLE-FREQUENCY DRIVES (VFD)

	MODULE DESCRIPTION – The purpose of this module is to teach the student the functions and capabilities of a VFD, and how to select an appropriate drive for a specific application.  Topics include North American and European wiring designations, VFD operating principles, speed control methods, flux vector drives, drive selection, drive location,  function parameters,  and disconnects.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	B1.0
Comprehend the functions and capabilities of a VFD, and how to select an appropriate drive for a specific application.
	B1.1
This competency is measured cognitively.
	3

	LEARNING OBJECTIVES 
	KSA

	B1.1.1
Describe the functions and capabilities of a VFD.

B1.1.2
Identify North American and European wiring designations.

B1.1.3
Explain the operating principles of a VFD.
B1.1.4
Explain the methods of controlling speed on a VFD.

B1.1.5
Explain the differences between open and closed loop control.

B1.1.6
Differentiate between flux vector drives and standard VFDs.

B1.1.7
Describe the advantages of using a flux vector drive.

B1.1.8
Explain how to select the appropriate drive for a specific application and location (Derating).

B1.1.9
Describe various considerations for locations of drives, size of enclosures, and issues with operator interface.
B1.1.10
Describe the effects of Electromagnetic interference and improper grounding.

B1.1.11
Explain the methods of prevention of Electromagnetic interference.

B1.1.12
Explain the best practices of grounding.

B1.1.13
Describe the importance of disconnects for a VFD.

B1.1.14
Describe the functions controlled by common parameters.
B1.1.15
Describe how to set up and change parameters.
	2
3
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	MODULE B OUTLINE:
· Primary functions

· Wiring designations 

· North American

· European

· Block diagrams of 3 phase VFD’s

· Speed control methods V/Hz drive

· Open and closed loop systems 

· Flux vector drives

· Selection of drive / Derating

· Location, enclosures, operator interface

· Electromagnetic interference and grounding

· Disconnection means

· Parameters and programming 


	MODULE C – SERVO DRIVES

	MODULE DESCRIPTION – The purpose of this module is to teach the student to identify servo drive types, their uses, and set-up/back-up drive information.  Topics include tuning a drive system, update time, effect of load inertia, feedback devices, backing up and tuning data.

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	C1.0
Identify servo drive types, their uses, and set-up/back-up drive information.
	C1.1
Install and set up a servo drive and motor.
C1.1
Create a back-up of drive information.
	3
3

	LEARNING OBJECTIVES 
	KSA

	C1.1.1
Differentiate between an analog and digital drive.
C1.1.2
Explain why it is necessary to tune a servo drive system.

C1.1.3
Explain update time and cost considerations of processor speed.

C1.1.4
Describe the effect of load inertia on a servo drive.

C1.1.5
Differentiate between types of feedback devices.
C1.1.6
Differentiate between incremental and absolute encoders.

C1.1.7
Describe how to program motor information and digital inputs into the drive.

C1.1.8
Describe the importance of backing up drive data.

C1.1.9
Describe systems used to synchronize multiple servos.
	2
3
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	MODULE C OUTLINE:
· Overview

· Analog drives 

· Digital drives 

· Tuning a servo system

· Update time

· Effect of load inertia

· Feedback devices

· Tachometers

· Optical encoders

· Incremental encoder

· Absolute encoder

· Programming, backing up tuning data

· Synchronize multiple servos


	MODULE D – FIELD WIRING

	MODULE DESCRIPTION – The purpose of this module is to teach the students to install a VFD and servo drive.  Topics include field wiring of full voltage starters, analog & digital inputs and outputs for VFDs and servos. 

	PROFESSIONAL COMPETENCIES
	PERFORMANCE OBJECTIVES
	KSA

	D1.0
Install a VFD and servo drive.
	D1.1
Install, wire, and program a VFD and test for proper operation.  
	3

	
	D1.2
Install, wire, and program a servo and test for proper operation.  
	3

	LEARNING OBJECTIVES 
	KSA

	D1.1.1
Describe the physical layout and three wire schematic on a three phase full voltage starter.

D1.1.2
Draw a schematic for a three wire control on a three phase starter.

D1.1.3
Draw a physical layout on a three wire control on a three phase starter.

D1.1.4
Read a schematic for digital interfacing of control with a variable frequency drive (VFD).

D1.1.5
Read a schematic for analog interfacing of control with a VFD.

D1.1.6
Identify and change program parameters to enable digital and analog interfaces for a VFD.
	3
3

3

3

3

3



	D1.2.1
Read a schematic for digital interfacing of control with a servo drive.

D1.2.2
Read a schematic for analog interfacing of control with a servo drive.

D1.2.3
Identify and change program parameters to enable digital and analog interfaces for a servo drive.
	3
3

3

	MODULE D OUTLINE:
· Field wiring for full voltage starters

· Field wiring for VFD and Servo drives analog inputs & outputs 

· Field wiring for VFD and Servo drives digital inputs & outputs 


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
	
	
	100%
	

	Module B
	7%
	26%
	27%
	

	Module C
	22%
	22%
	56%
	

	Module D
	
	
	100%
	


	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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