Clyde Perry, Industrial Technology Division Director, Gateway Community College
This lab activity was completed as part of an NSF-funded externship program administered by the High Tech Workforce Initiative at Maricopa Community Colleges.

	Servo Motor Diagramming and Wiring Lab (Instructor Guide)

	Purpose
	Students will apply their knowledge of electrical power, servo control systems and servo motor properties to real-world scenarios.  

This lab is part of a servo systems course in an Industrial Operations Technology AAS program, using Amatrol curriculum and equipment.  It can be done in conjunction with, or as an adaptation or replacement of, Lab Experiments 4-2 and 4-3 in the Amatrol Electro Servo Learning System materials.  See the “resources” section for more information.  A follow-up activity could be to test and troubleshoot the student-designed systems.

	
	

	Estimated Time
	4 Hours

	
	

	Introduction
	When I saw a pile of surplus 9-lead dual voltage servo motors at a state-of-the-art distribution center in West Phoenix, I knew there was a problem.  The puzzled technicians told me that the motors had all malfunctioned, and they didn’t know why. They were thinking of complaining to the supplier. When I examined the set-up, I discovered that the motors were routinely getting more current than they were designed to handle.  A simple rewiring solved the problem and saved the company significant time and money in replaced motors. 

As we learned at that distribution site, knowing individual components is not enough when maintaining an electromechanical system: you have to think at a systems level to solve problems.  In this lab, you will carefully consider real-world situations and decide how to best diagram and wire your servo motor system.  In addition, you will explain your reasoning, just as technicians must do every day with their supervisors.  Given what you know about servo systems, what factors are most important to consider when designing or troubleshooting?

	
	

	Objectives
	Students will be able to select, diagram, and wire a servo motor for a specific application



	
	

	Safety
	OSHA regulations and procedures for working with high-voltage electricity.  NFPA 70-E regulations.

	
	

	Attitude & Behavior
	Initiative, cooperation, analytical thinking, good verbal and written communication, attention to detail, and teamwork.

	
	

	Team
	Students work in pre-assigned teams of four. The teams can be arranged according to students’ current or future preferred work environment (production, distribution, etc).  If there are not enough trainers for each team, instructor will have to schedule slots of time.  Team tasks that can be divided up are: 1. writing/calculating answers to initial analysis questions,  2. writing a paragraph about what decision they made and why, 3. diagramming the system, 4. wiring the system, and 5. writing out the steps followed in wiring the system.  All team members should be involved in planning, decision making, and verifying the quality of the work at each phase.

	
	

	Documentation
	Students will turn in for grading:
1. Lab write-up, including original scenario, answers to initial questions, explanatory paragraph, and system wiring steps.

2. Diagram of servo system 

3. Wired system for instructor’s inspection.

Questions to ask for use in grading:

· Did the students identify all the factors that would affect their design?
· Did the students clearly explain their design in writing, showing how it addresses the factors they identified?
· Did the students correctly diagram their design, including accurate measurements, symbols, and all necessary components, in a clear, easy-to-read drawing?

· Did students follow and document the appropriate order of steps in wiring their system, including safety procedures?

· Is the system functional and does it fit the requirements outlined in the original scenario?

· Did all team members contribute substantially to the project?



	
	

	Equipment
	Amatrol Trainer Board 85-DS Electric Servo Learning System
(If you create your own board, you will need wires, connectors, a motor, and a control system.)

Standard electrical tool kit
Multimeter—current meter and voltage meter
Oscilloscope
Calculator

Ruler

Personal protective equipment

	
	

	Facilities
	Electrical Power: 1-Phase, 115 VAC, 60 Hz, 4 Amps

One lab station with power outlets for each team.

(If you use your own equipment, you may also need 220 volt 3-phase depending on the motor)

	
	

	Supplies
	Amatrol Lab Book :  850 Controls Technology
Large size graph paper for diagramming system

Student Lab Notebook

	
	

	Preparation/setup
	Follow instructions in Amatrol guide.  If you are using your own equipment, pre-select components for students.

	
	

	Resources
	Amatrol product information:  trainer  85-DS http://www.amatrol.com/Products/product.asp?part_no=85-DS
Course and lab guide  Amatrol 850 Controls Technology
Industry-based scenarios, included at the bottom of this document.

	
	

	Diagram and Wire Servo Motor

	
	

	Procedure Steps
	Step
	Action/task

	
	1
	Read and Analyze Scenario

	
	2
	Answer analysis questions

	
	3
	Explain your design

	
	4
	Diagram your design

	
	5
	Write out the steps 

	
	6
	Wire your servo motor system

	
	
	

	
	

	Step Detail
	

	Step #1
	Read and discuss the scenario.  You will diagram and wire a servo motor system that will meet the needs outlined in the scenario.

	Step #2
	In your lab notebook, answer the following questions in writing:
1. List the requirements of this system
2. What limiting factors will affect your design?

3. Is it an open- or closed-loop system?



	Step #3
	Use your answers to the questions in Step 2 to decide the best system design with your group.  In your lab notebook, write one paragraph that explains your design and how it addresses the requirements of the scenario.

	Step #4
	Diagram the design with a pencil on graph paper, using correct ratios, measurements, and accepted symbols. Include all the components and make sure your drawing is clear. 

	Step #5
	In your lab notebook, write out all the steps, in the correct order, necessary to wire your servo system.  Include standard safety procedures in your write-up.

	Step #6
	Using the equipment identified in the lab description, wire your servo system according to the diagram you made.  When you have finished, let your instructor inspect your work.  Turn in your lab write up and diagram.  Don’t forget to write the date and your names. (Note to instructor:  based on student competence, you may add step 7, turn on the motor, before you inspect student work).

	
	

	Summary
	Congratulations!  You have completed the servo diagram and wiring activity, making use of many skills you will need in your work environment.  You applied your knowledge of electricity and motors to a real-world situation; exercised systems-level thinking; and worked in a team to solve a problem and clearly communicate your solution.

	
	

	Scenarios
	Instructors can develop their own scenarios according to their students’ needs.  Here is an example:
A dry goods warehouse will automate moving trays of soup cans from one area to another.  The design calls for the tray to travel down a motor-powered conveyor belt; stop at a transfer point; get lifted to the level of another motor-powered conveyor belt; and travel to the new location.  

You must design, diagram, and wire the system for the motor that lifts the tray to the second conveyor belt.  Keep in mind the importance of timing between the two belts.




