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Student Guide

LAB 1: POWER SUPPLY OPERATIONS

Measurement and Data Acquisition: Basic Measurement

Student Name: ___________________________________________________ 
Acknowledgements

Subject Matter Expert: Roy Brixen, College of San Mateo, CA
Purpose

This lab activity introduces you to the basic theory and operation of a lab power supply.  The lab is focused on using the power supply as a tool to power electronic systems.  Power supply theory, terminology, and operation are stressed.  Since all systems require a power supply, a technician needs to understand the basic theory of operation, the common terminology used with all power supplies, and, ultimately, their efficient use.  Technicians setup, use, and test power supplies in virtually all job classifications.  Therefore, power supply functionally becomes a required skill of the job.  

Systems Rationale

The power supply is the first piece of hardware in an electronic system that must be connected properly and must be functioning correctly.  No amplification, oscillation, or switching will take place unless the power supply is connected and functioning.  Because of the centerpiece nature of the power supply, it is the first subsystem that is installed, tested, and verified for proper operation.  Knowing basic power supply theory, operation, and testing will permit the student to acquire their first set of system troubleshooting skills. 

System Concepts

This system covers the following system concepts (signified by an X):

_X_ 
S1. A system can be defined in terms of its functional blocks i.e., a “structured functional unit.”

_  _ 
S2. A system has a purpose, transforms inputs into outputs to achieve a goal.

_X_ 
S3. A system is defined by the flow of materials, energy and information, between its functional units.

_  _ 
S4. A system may be open or closed. In an open system additional inputs are accepted from the environment.

_  _ 
S5. A system is more than the sum of its parts. Individual components can never constitute a system.

_  _ 
S6. A system provides feedback to the operator and services to the user. Some system functions may involve operator action.

_  _ 
S7. Systems have unique problems.

Student Learning Outcomes

Appropriate SLOs for the lab activity are below.  For a complete list of course SLOs visit:  http://www.esyst.org/Courses/Acquisition_Measurement/_delivery/index.php }  
1.
Draw a block diagram of a modern digital oscilloscope and explain how it works.

2.
Make measurements on analog and digital signals using a digital oscilloscope.  

3.
Explain the concept of virtual instrumentation.  
4.
Define synthetic instrumentation. 
5.
Explain the need for automated test equipment (ATE) systems and state an example case. 
6.
Define boundary scan and JTAG instrumentation.  
7.
Explain the need for and operation of GPIB and LXI systems in ATE systems.  
8.
Explain the operation and specifications of a modern digital frequency synthesizer including an arbitrary waveform generator (AWG).

9.
Draw a block diagram of a modern spectrum analyzer, explain how it works and indentify at least three common applications.

10.
Demonstrate the use of common test instruments like LCR testers, function generators and spectrum analyzers.

11.
Define data acquisition.

12.
Draw a generic block diagram of a data acquisition (DAQ) system and identify each section and explain how it works.  
13.
State and defined the various methods of signal conditioning in a DAQ system.

14.
State the function of a multiplexer in a DAQ system.

15.
Name the main specifications of an analog-to-digital (ADC) used in a DAQ system.

16.
Explain how data acquired in a DAQ system is stored.  
17.
State what LabVIEW is, basically how it works and how it is used in a DAQ system.  
LABORATORY

1.
Make both analog and digital measurements using a modern digital oscilloscope.

2.
Demonstrate the use of common test instruments like LCR testers, function generators and spectrum analyzers.

3.
Build a simple DAQ system with sensors, signal conditioning, ADC and other components as needed to collect data. 
4.
Build and test a simple DAQ system using LabVIEW.  
Prerequisite Knowledge and Skills

In order to complete this power supply lab activity, you will need to know the basic concepts of voltage, current, and resistance.  Additionally, some basic understanding of power supplies and why they are used in electronics technology will be helpful.  

Learning Objectives*

Relevant knowledge (K), skill (S), and attitude (A) outcomes include:

K1--The student will be able to describe how to set up and operate a power supply with constant voltage and constant current regulation.

K2--The student will be able to define the critical power supply terminology found in the pre-lab question sheet.

K3--The student will be able to describe how to connect a power supply to a system board using both positive and negative voltage sources.

S1--The student will be able to physically set up and operate a power supply, select appropriate voltage values, and adjust current limiting as needed.

S2--The student will be able to accurately and correctly connect a power supply to a system board using both positive and negative voltage sources.

Process Overview

This lab involves four sequential activities.  First, you will read a CD-ROM based technical presentation covering lab power supplies.  Second, you will answer a set of questions based upon the reading assignment.  Third, you will setup and complete a lab activity that contains three parts.  Finally, you will complete a CD-ROM based technical evaluation covering use and operational theory of a lab power supply.  

Performance Overview

· A standard hands-on lab environment is used for this activity.

· Group work and/or individual work is permitted.

· The lab results are due at the start of the next lab session.

Your results will include:

· Answer to the pre-lab questions.

· Lab results data sheets and conclusions as printed from the Agilent CD-ROM.

· Power Supply Lab Assessment Worksheet from the Agilent CD-ROM.

Length

This lab will require about three hours of time.

Equipment and Supplies

· DC Power Supply (Plus and minus 15 volts with Constant Current and Constant Voltage modes)

· 220 ohm, 5 watt resistor

· Digital Multimeter
· PC with CD-ROM Drive and Printer
· Agilent U3000 Electronic Instrumentation Training Board
Special Safety Requirements

There are no special safety requirements for this lab.

Lab Preparation

1. Mount and launch the Product Reference CD-ROM supplied with the Agilent U3000A Electronic Instrumentation Training Kit

2. When the CD-ROM menu appears, under Documentation, double click on Power Supply just to the right of U3000A Teaching Materials (ENG):

3. Open the .pdf file.
4. Read the text information and then answer the following theory questions:

· Describe the basic differences between a linear power supply and a switching power supply.

· Describe the purpose and function of each of the following parts used in a linear power supply:

Transformer

Bridge rectifier

Filter capacitor

Series-pass transistor

Feedback control network

Load

· Name two advantages of and two disadvantages of the linear power supply.

· Name and describe the purpose and function of the nine identified parts of a switching power supply.

· Name two advantages of and two disadvantages of the switching power supply.

· Define line regulation.

· Define load regulation

· Define pulse width modulation.

· Describe the operation of a power supply with "soft start" capability.

· Describe the operation of a power supply with "voltage protection".

· What does "over-current protection" accomplish?

· What does "short circuit protection" accomplish?

· Describe constant voltage mode.

· Describe constant current mode.

· What is the difference between normal mode noise vs. common mode noise?

· Why does a power supply with remote programming capability change Vout faster in the up direction as opposed to the down direction?

· Summarize the suggestions made to eliminate noise from low-level voltage setting on a power supply.

Introduction

The activities put forth in this lab will prepare you to use one of the most common tools available to the electronics technician--the power supply.  Virtually all circuits and equipment need DC power in order to function.  If you have mastered the skilled involved in setting up, connecting, and properly using a DC power supply, you will have accomplished one of the major tasks that must occur when a technician validates that an electronics circuit or system is set up to function properly.  Almost every troubleshooting guide published with a piece of equipment will require that you set up and test the systems power supply before doing any additional tests.  Power supply setup and testing is task one as a system is initialized from the factory, evaluated during a preventive maintenance inspection, or investigated for an operational failure.  The information and skills that you will learn and exercise in this lab activity will enhance your skills and prepare you for additional testing and troubleshooting.

Task

A basic technician skill is setting up and using a lab or system power supply.  Every electronic circuit and/or system requires a power supply.  An ongoing technician requirement is:  being able to properly set up power supply, connect it correctly, adjust it for proper voltage and current settings, and regularly monitoring the supply output.  The power supply is 1/4th of an electronic system and being able to verify proper supply function eliminates 25% of the hardware from troubleshooting consideration.

Process

Agilent Technologies has prepared a series of three Lab Exercises dealing the basic lab power supply.  These exercises include lab directions and data tables.  All three exercises are found on the Product Reference CD-ROM supplied with the Agilent U3000A Electronic Instrumentation Training Kit.

1. Mount and load the Product Reference CDE-ROM.

2. Select the U3000A Lab Sheet (ENG):  Power Supply .pdf file.  When the file is load into the reader print the file.

3. Starting with Lab Exercise 1, complete each of the three lab exercises.  Be sure to complete the Results and Discussion section at the end of each exercise. 

Conclusion

In your lab report, include the answers to all of the pre-lab questions.  Also include your completed lab results data sheets and measurement conclusions on the forms printed from the Agilent CD-ROM.  Finally, load and print the Power Supply Lab Assessment Worksheet from the Agilent CD-ROM.  Complete questions 1 through 10.
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