Module 26112-08
Electrical Test Equipment

Lesson 1 of 1: Electrical Test Equipment

This lesson is a classroom/lab session in which the students will learn about various types of electrical test equipment. In the lab, students will demonstrate the procedure for safely using meters.

Objectives

Upon completion of this lesson, the student should be able to:

1. Explain the operation of and describe the following pieces of test equipment:

· Voltmeter

· Ohmmeter

· Clamp-on ammeter

· Multimeter

· Megohmmeter

· Motor and phase rotation testers

2. Select the appropriate meter for a given work environment based on category ratings.

3. Identify the safety hazards associated with various types of test equipment.

Performance Requirements

· Measure the voltage in the classroom from line to neutral and line to ground. This exercise satisfies module Performance Task 1.

· Measure the resistance of various resistors using an ohmmeter. This exercise satisfies module Performance Task 2.

Reading Assignment

· Module 26112, Sections 1.0.0 thru 4.0.0

Slide Presentation

· Module 26112, Slides 1 thru 18

Suggested Equipment/Materials 

· Analog multimeter

· Voltage tester

· Ohmmeter

· Clamp-on ammeter

· Digital multimeter

· Megohmmeter

· Motor and phase rotation testers

· Resistors

· Electrical Performance Project 26112-1

Suggested Student Activity

· Lay all of the meters on a table and have the trainees identify the function and common applications of each type.

Testing

· Module Review Questions 1 – 10

· CONTREN Connect Active Figures 1 and 3

· Module 26112-08 Exam

Suggested Lab Activity

· Have each trainee demonstrate the use of a voltage tester to verify the presence or absence of voltage.

· Students must demonstrate the use of an ohmmeter or the ohmmeter function of a VOM.

· Students must demonstrate the use of a voltmeter or the voltmeter function of a VOM.

· Have students demonstrate the use of a clamp-on ammeter. Use Performance Project 26112-1, Using a Clamp-on Ammeter.

Additional Resources

· Performance Projects: Job Sheets for the Electrical Industry, Level One, New York: Prentice Hall.

· Virtual product demos for various meters are available online from Fluke Corporation at www.fluke.com.
· Contren Connect Electrical 1 Annotated Instructors Guide (available from NCCER).
SLIDE 1

· Review the objectives to be covered in this module. Ask the students if they have any questions.

· Explain that students must obtain a score of 70% on the Module Exam and perform certain tasks to the satisfaction of the instructor to receive credit for the module.
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' Objectives

When yau have completed this module, you will e able to do the following:
1. Describethe following pieces of test equisment and exglain thefr aperation
Voltmeter
Ohmmeter
Clamp-on ammeter
Muttineter

Megohmmeter
Motor and phase rotation testers.

Select the appropriate meter for  oiven work environment based on category

ratings.

Identify the safety hazarcs assaciated Wi various types of test ecuipment.
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· Describe the primary applications of electrical test equipment.
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1.0.0 INTRODUCTION

Electicians must be able to use electricaltest equipment to veriy the operation
and calloration of instruments and ta traubleshoat electrical and electranic circuts.
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· Describe how an analog meter movement works.

· Point out that digital measuring instruments are rapidly replacing analog instruments.
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suoes 2.0.0 METERS

The d Arsonval meter movement uses a statianary permanent magnet and a
mavable coilto Indicate current, I is the basis for mast anslag meter mavem erts.
Current fowing through the mavable col sets up amagneti Teld that oppases the
fixedd magnetic fied, causing the coilto move. The more currert, the more the coil
will move.

& poirter aitachectto the movabls col, in combination wit & calibrated scale, can
measure the current fow:

Multiplier resistors are used to extendithe range ofthe meter movemert for voltage
measurements, while shunt resistors are use to extend the range of the meter
movement for cunent measurem erts.

Totiay, most meters are solic-state digtal systems, they are easier o readithan
mechanical (analog) meters and have no meter mavement or moving parts

Play video on Side 3¢
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Figure 1 4 prsonval meter mvement.
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· Demonstrate how to use a voltage tester.
· Have each trainee demonstrate the use of a voltage tester to verify the presence or absence of voltage.
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suoew 2.0.0 METERS

& voltmeter is used to measure voltage. It s connected in parallel wih the circut or
component being messured.

Analog volmeters use a d'Arsonval meter movement. D igtal meters canvertthe.
measured value into a digital or graphic cisplay.

Many ciital voltmeters are auto-ranging. That is, the m eter automatically searches
forthe correctrange

Play video on Side 48,





[image: image7.png]CONTREN"
MODULE 26112, Part1 @ A5 m

suoe s 2.0.0 METERS

PEARSON

Prentice
Hall




[image: image8.png]CONTREN"

MODULE 26112, Part 1 D o

SLOE 4C

When using a voltm eter without auto-ranging, select the highest vottage range and
work down urti e indicetion reads bietween half andthree-quarters of the scale.

A voltmeter is used when an exact voltage measurement is requirec. To defect the
presence of voltage or to ientifythe generalrange of a voltage, a voltage tester is
used

Play video on Side 4D.

Figure 2 Vol tester.
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Play video on Side 5B,

Figurs 3 Mulfunction volsge tester.
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· No notes.
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· Demonstrate how to zero an ohmmeter.

· Demonstrate how to isolate components from the rest of the circuit when measuring resistance with an ohmmeter. 

· Have each trainee demonstrate the use of an ohmmeter to measure the value of various resistors.
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suoees 2.0.0 METERS

The ahmmeter, an instrument that measures resistance, cansists of s DC current
mter; a battery; and seties-connected, curtertmiting resistars.

Prior to messuring resistance, shart the meter leads tagether (zera resistance),
abserve fil-scale defiection, and use the z2ra adustm ent on the ohmmeter to
bringthe poirter to zero on the scale

Sincethe meter was zeraed ot ll-scale defection, any fl-scale deflection
abserved when measuring components indicates zero resistance.

Many ciital ohmmeters have a feature that produces an audible tone when the
measured valug is at o near zero ohms.

The ofmmeter cortains its own battery power source, 5o al circutsto be testedt
st be de-eneroiz=dto prevert damage to the meter

Isolate campanents to be measured fam the rest ofthe circut by disconnecting st
Ieast one lead to prevent erroneous resistance reacings.

Play video on Side 6C.
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Figure 4 Dhmmeter schematc
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· Describe how a clamp-on ammeter measures current.
· Demonstrate how to use a clamp-on ammeter.
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suoen 2.0.0 METERS

Clamp-on ammeters that sense the magnetic field around a curent.-carrying wire
are used to measure currents

Currentin the wire induces a curtert in the jaws ofthe clamp-on amim efer using the.
same principle that operates transformers

To measurs currert, open the jaws of the meter and closs them around the
conductor being meastred. Ensure that the meter s setto & range high enough ta
comedtly measurethe current

Play video on Side 7¢.
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Figure’s Clamp-on ammeter.
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· Demonstrate the use of an analog VOM.
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suoee 2.0.0 METERS

The volt.ohm-milliammeter (VOM), also known =5 & mulimster, is & co ination
meter that can measure AC and DC voltages, curtert, and resistance. They are
available in analog an digital versions.

Figurs & Ansiog VOM.
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· Demonstrate the use of a digital VOM.
· Have each trainee demonstrate the use of a VOM to measure the voltage in the classroom from line to neutral and line to ground.
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SuoE 08 2.0.0 METERS

‘Some multineters have the currentm sasuring feature avaiable as a damp.on
ammeter.

Using 3 mulimeter is the same a5 using the incividual votmeter, ohmm eter, and
clam p-on ammeter

Play video on Side 108

Figure 8 Clamp-on mutimeter
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· No notes.
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· Emphasize the safety precautions necessary when using a megger.
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suo 18 2.0.0 METERS

A megohmmeter, or megger, sametines called an insuation resistance tester,
prosuces a high potertial for measuring the very high resistance of nsulation Usedt
in motor ar ransformer windings.

Meqgers are available In battery-operated or hand-cranked versions

& megger supplies a high potertial owtput that s appliedto the resistance under
test. The meter indicates infity when a high resistance is encourtered and moves
taward zero if lawer resistance is encountered.

Because the megger generates a high voliage, care must be exercissdto avid
personal injury as wel as dam ageto the equipment being tested.

For example, in 500V class systems, appiied megger voliages are typically SO0V,
and 1,000V.

Never touch the test eads of an eneroized megger. An lectrical shock wil resuf.
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Figures Batery.operated megohmmetar.
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· Demonstrate how to use a megger.
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Figure 10 Hand-cank megohmmeter.
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· Explain the difference between a motor rotation tester and a phase rotation tester. 
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st 58 2.0.0 METERS

Before connecting athree-phase motor to a circut, the motor winding legs have to
bematche to the phases ofthe circuitta ensure fraper motar retation

& motor rotation tester can be used to identify the legs ofthe motor, while & phase
rotation tester can be used to derity the phases of the cicut.

A metor rotion tester is a passive device that aperates on residusl m agnetism
present in the motor afier t has been run ar tested by the manufacturer priar to
shipping.
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Figure 11 Motor otstion tester.
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· No notes.
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A phass rotation tester uses LEDs to indicate the phase sequence rotation afthe
votages.

Figure 12 Phase rtaton testr.
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· List the applications of recording instruments.
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suoe 15 2.0.0 METERS

n automafic recording instrum ent can be connected to take cortinuous readings.
of electrical ortem perature infomation over time fo late resiew and anaysis.
Strip-chart recarders record electrical or other information aver & period aftine an
& continuaus st of paper. Other recarders can upload datata a PC far real-ime.
data logging an graphing.

Play video on Side 158

Figure 13 Data ecording system,
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· Discuss the category ratings shown in the table.
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=" 3.0.0 CATEGORY RATINGS

Distibution systems and Ioads are becoming more complex, increasing the risk of
transient power spikes. Safety systems are buit into test insirum ents to protect
electriians fram transient pover srikes.

The International Electrtechrical Commission (EC) developed a new saety
standard, /EC 1010, fortest equipm ent that was adapted as UL Standard UL31 11~
1

The standards define four over-votage nstallation categories. Study Table 1 for &
better unerstanding of what sach category represerts.

The four categories identify the hazards posed by transients, the higher the.
category number, the orester the risk 1o the electician
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· Point out the category ratings on the meters shown previously.
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=" 3.0.0 CATEGORY RATINGS

When selecting a test instrum ent, select one rated fr the Highest category you wil
be working in.

CAT IVasted meters provide the ighest level of protection. Category ratings are.
anthe meter housing,
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Figure 14 Category rating on  typical metr.
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· Explain that de-energizing main supply circuits by opening supply switches will not necessarily de-energize all circuits in a given piece of equipment.

· Stress the importance of following logout/tagout procedures.
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SLDE 1A 4.0.0 SAFETY

Allpersons on ajob ste are responsitle for safety.
Al electricians must followsate work practices, mairtain their ool and test
instruments, and com ply wih all cades and regulations to prevent persanal Injury.
You must bear in min that de-eneryizing main supply circuts by opening supply
switches wil not necessarily de-energize all Grcuts n a given piece of equipment.
Shut offthe poswer, then lock out an tag all electrical ecipment before working on
equipment. Use a volimeter to confirm thatthe power is off and that the equipm ent
is safe ta vrk an.

Play video on Side 18
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TESTING AND PERFORMANCE

· Have the students complete Active Figures 1 and 3.

· Have the students answer Review Questions 1 thru 10. Provide correct answers and remediation at the end of the quiz.

· Have the students complete the Trade Terms Quiz.

· Students must demonstrate the safe use of a voltmeter and ohmmeter. This can be done during the presentation of Slides 6 and 9 or at the end of the lesson. This satisfies Performance Tasks 1 and 2.

· Administer the Module Exam.
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