Module 26109-08
Conductors

Lesson 1 of 2: Conductors and Insulation 

This lesson is a classroom session in which the students will be introduced to the various types of conductors and learn how conductors are rated by the National Electrical Code® (NEC®).

Objectives

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

1. Explain the various sizes and gauges of wire in accordance with American Wire Gauge standards. 

2. Identify insulation and jacket types according to conditions and applications. 

3. Describe voltage ratings of conductors and cables. 

4. Read and identify markings on conductors and cables. 

5. Use the tables in the NEC® to determine the ampacity of a conductor. 

6. State the advantage of stranded wire. 

7. State the advantage of compressed conductors. 

8. Describe the different materials from which conductors are made. 

9. Describe the different types of conductor insulation.

10. Describe the color coding of insulation.

11. Describe instrumentation control wiring.

Performance Requirements

· None
Reading Assignment

· Module 26109, Sections 1.0.0 thru 2.7.3
Slide Presentation

· Module 26109, Part 1 (Slides 1 thru 24)

Suggested Equipment/Materials 

· Variety of solid wire conductors

· Variety of stranded cables
· Channel wire assemblies

· Instrumentation control wiring 

Suggested Student Activity

· Have the students use the NEC® to identify the different types of conductors and cables used in various settings. 
Testing

· Module Review Questions 1 – 17

· CONTREN Connect Active Figures 5, 7, 13, and 14

Suggested Lab Activities

· Provide the students with various types of cable and have them use the jacket markings to identify as much information as possible about each type.

Additional Resources

· National Electrical Code® Handbook, Latest Edition. Quincy, MA: National Fire Protection Association. 
· 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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A plastic jacket covers and pratects the companents witin the instrumentation
contral vire.

Figure 19 Wire jacket




SLIDE 2

· Emphasize the importance of proper conductor selection.
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Objectives

When yau have completed this modle, you will be shle to do the following,
From the cable markings, deseribe the insulation and jacket mterial, conductar
Size ancltype, fum ber of Conductors, temperature rating, voktage rating, ant
permited uses
Detemnine the alowable ampacty of  conductor for 3 given application.
Identify the NECS rectirem ens for color coving of conductors.

4. Install conductors n & raceway system





SLIDE 3

· Discuss the American Wire Gauge system.
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the job.
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Theterm conductor describes the current.carrying portion of a ire or cable.
More commany, it s usecito deseribe the enfire wire or cable assembly,
including the conductar anche insulsting aLter cavering.

Wire sizesin the United States are expressed in American Wire Gauge (8WG)
numbers.

Inthe AWG wire-sizing system, the larger the number, the smaler the cross-

sectionsl area of the wire.
Play video on Slide 34,






SLIDE 4
· Pass around examples of various sizes of conductors and have the students interpret the insulation markings.
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Figure 1 Comparson ofwire sz (enlarged) from No. 18 toNo. 1 AWG.




SLIDE 5

· Show examples of common strand configurations.

· Compare and contrast stranded and solid conductors.

· Explain that stranding increases the flexibility of a cable.
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insulation
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Figure 2 Wre sze marking




[image: image7.png]MODULE 26109, Part 1 ('S, E3NNESY

suvEsa 2.0.0 CONDUCTORS AND
INSULATION

Depending on vire sizs, the wires may have 7, 18, or 37 strands.
Strancing is done to make the wires, especialy the larger sizes, more fexble
and easier o handle. Sold wires larger than 8 AWG shold rot be terminatect
inpullboves or disconnect switches.

Play video on Slide 5B,

Figure 3 Strand oonfigurstors.





SLIDE 6

· Define circular mil.

· Explain that reducing the air space between strands of conductors reduces the overall diameter of the cable.
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Compact conductors are those that have been compressed ta reduce the air
Space between strands, resuting n a sm aller outside diameter. This s
commory done with akiminum conductors.

Using circular milsto express the cross-sectional ares of a wire is a much
easier vy to express the wire size than using siuare inches.

Ampacity is he current in amperes a conductor can carry continuously under
the concitions ofuse without exceeding s temperature rating. Ampacities for
variaus conductors ere listed in NEC Tables 370,76 thraugh 370.79.

The NECPampacity tables allowelecticians to determine the am pacty of ll
types of canductars, wth different insulating msterials and in difierert operating
condians.

NEC Table 310.17 covers copper, akinirum, or copper-clad alun num
conductars up to 2,000 valts where conductors sre sed a8 single canductors
in free air hased on an amkient temperature of 30°C

Play video on Slide 6C
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SLIDE 7

· Discuss the factors of conductivity, cost, availability, and workability in the selection of conductor material.
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Copper isthe most cammon conductor because afits excelent canductity,
ease ofuse, and relatively low cost.

The value of any material used to manufacture wire s detemined by its
conductivty, cost, availabilty, snd workabilty

Play video on Slide 76,
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SLIDE 8

· Discuss insulation letter codes and their definitions.
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Canductiity describes the ease wih which a matetial can cary electric current.
For exampl, the conductiviy of aluminum is two-thirds that of copper.

The cost of concuctive material varies widely. For exam ple, platinum, a very
good conductor, s much more expensive than copper, anciher very good
conductor.

Conductive materials such as copper and aluminun are widely available, which

makesthem an affardsble choice for candlictors.
Aluminum conductors are lighter and more fexble than copper conductors, but
that advantage is reduced because sluminum wire terminatians recire special
mterials and treatmerts.

Allcurrent-camying conuctors, inchuding the grounded conductor, must be
insulsted when used in bulkdings or afer the frst overcurrent protective device.
Thermaplastic s a papular and effective insulsfion maferislin use tocay.
Palyethylene (PE) i< used fa insulstion of carirol and commurications wiing.
Thermoset insulsting m aterials such as RHW mairtain their form when hester
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Insuation sppled to bulding wire s caded using letters to indicate the type of
insulation and its enviranm ental raing

For example, the letier W indicates that the insulatian s rated far use in a wet,
outdoor lacation,
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SLIDE 9

· No notes
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SLIDE 10

· Discuss insulation color codes.

[image: image19.png]CONTREN"

MODULE 26109, Part 1 B, connect

sunEas

Desmipion
Whictrs and st Resart Tramoplasic

Wethr Fated, st Fed Termoplast i fjen Cover
Undargoind Fesder

Undargond Senios Envance

T
- Fetd, e ittt Visaher R Tharmoset.
Vet Fated W od Elhjone Teratuonetyans

Tble 1 Inulation Coding (Cort )






[image: image20.png]CONTREN"

MODULE 26109, Part 1 S B

LT 2.0.0 CONDUCTORS AND
INSULATION

& color code 5 used o help identify wires by the color ofthe insulation to make
it easlertainstall and cannect the wires.

For example, three-conductor cable has one white or gray, one black, ane red,
anda grounding wre. Four-canductor cable has the same as three plus a faurth
blue vire.

The grouncing conductor may be bare, green, or green with a yellow stripe.
Unorounded conductors are not normally color coded; howener, certain poswer
distribution arangemerts recgire orange color coding for the phase conductor
that has the figher voltage to ground.

Play video on Side 10C.
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SLIDE 11

· Point out the requirements for fixture wire in NEC Article 402.
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Conductor selection s often based on the tem perature rating of the wire, with
conductar ampacties based on the ambient tem perature plus the heat
produced by current in the wire.

In general, conductors vith  higher tempersture rating are ableta handle
igher current in igher ambient concitions.

Fidture wire, used for the interior wiing of fitures, s available n sizes from
No.18 1o No'1D AWG.

The decision of which fture wire to use depends upon the aperating
temperature that s expected withinthe fxure.

Fidture wire may never he used as a subsitute for branch-circut conductors.
Play video on Side 11C.




[image: image24.png]MODULE 26109, Part 1 4’&., E3NNESY

susE e

TRANSPARENT
WsuATION  TaSPARENT
comucron " R mCHe

Figures Fidueuwire





SLIDE 12
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Discuss the use of NM cable and provide an example for the students to examine.
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Cables cansist oftwa or mare insulated wires and possibly a graunding wire,
coveredt by anonmetalic or metalic sheath

Allcables are marked to showimporant properiies, including wire size, number
of canductors, cable type and voltage rafing.

Play video on Slide 124,

Play video on Slide 120,
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Figure 7 Nonmetalic catle matkings.






SLIDE 13

· Explain the difference between NM and NMC.
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Discuss UF cable and its applications. Provide an example for the students to examine.
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Normetalic-sheathed cable such as Type NM and Type NMC is videly used for
branch circuts and feeders n residential and commercial systems.

Type N cable is suitable fo dry locations only, while Type NMC is permitted
for dry, molst, dam, and corrosive locatians. Both may be sed in concealed
locations.

Type NM and NMC cables cannot be embedded in concrete, used as senvice
entrance cable, o used in hazardous locations.

Type UF cable is similar to Type NMC cable, except Type UF can be buried
underground.

Type NMS cable i< & form of nanmetallic-sheathed cable that contains a factory.
assembly of power, comm unications, and signaling conductors enclossd wihin
& moisture resistart, fam e-retardart shesth






SLIDE 14

· Discuss MV cable and its applications. Provide an example for the students to examine.
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SLIDE 15

· Discuss MC cable and its applications. Provide an example for the students to examine.
[image: image32.png]MODULE 26109, Part 1

suoe 4 2.0.0 CONDUCTORS AND
INSULATION

Type MY (medium-voltage) cable can be buried, installed in wet and oy
locations, andlis suitable for vitages ranging from 2,001 to 35,000 volts.

Figure Typs M cable.




SLIDE 16

· Discuss high-voltage cable and its applications. Provide an example for the students to examine. 
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Type MC (metalciad) cable consists of one or more insulate conductors
encased in s metal tape or a metalc sheath

MC cable is use for services, feeders, and branch circults for paver and

lighting circus.

Armored cabls (AC) s diffrert fom MC cable in that arm ored cable has

moisture-resistant and freetardant paper wraps on invidual conductors.

Figure 10 Type of MC cable
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High-valtage cable may be shielded with metalic or nonmetalle sheathing ta
protect against surface discharge ar buming due to carona discharge infonized
Play video on Side 16C.
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SLIDE 17

· Note that care must be taken not to damage the shield when installing cable with high-voltage shielding. Slight nicks or cuts can cause serious power disruptions and endanger life. 
[image: image36.png]MODULE 26109, Part 1 @ggmg E]

suoetee 2.0.0 CONDUCTORS AND
INSULATION

PEARSON

Prentice





SLIDE 18

· Explain how channel wire assemblies are installed. Provide examples for the students to examine. 
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Figure 12 Corugated dainwire shielding
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Channel-vite assemblies (Type FC) contain an ertire wiring system that
includes cable, cable supports, spicers, and other componerts.
Play video on Side 15C.



[image: image39.png]MODULE 26109, Part 1 @,ggmﬂ B

sunE e

57

U 100 pmase )

asic cowonemts

@&@m

Accessones.

Figure 13 Chamslwie components and ascessores





SLIDE 19
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Discuss flat conductor cable and its applications. Provide an example for the students to examine. 
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Tap devices enable lighting or small appiance cireuis to be connectedto the.
fat, Type FC cable

Type FCC flat conductar cable contains an entire branch-viing system and fs
designed for installation unler carpeting to supply foor outlets in commercial
applications.





SLIDE 20

· Discuss TC cable and its applications. Provide an example for the students to examine. 
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Figure 14Type FC connection




SLIDE 21
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Type TC cable may be used in cablstrays and racevays or maybe buried. lts
use s covered in NEG Artc e 336.

Figure 15 Type TC oabe



Explain the difference between SE and USE cable. Provide examples for the students to examine. 
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Type SE (service entrance) cable is designed for shove-ground nstalation
only.

Type USE (underground service entrance) cable is designed for underground
instalation, inclucing direct burial n the eaith





SLIDE 22

· Discuss pairing and multi-pair instrumentation cable. Provide an example for the students to examine.
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Figure 16 SE cable
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Instrum entation control wing links the fleld-sensing, cortroling, printout, ant
operating devices that farm an instrumertation cortrol system

Instrum entation control wiing usually hss two or more condctors, an ofen
Shielding, alang With & ground wire surrounded by an outer protective jacket.

Play video on Side 22C.



[image: image47.png]MODULE 26109, Part 1

sunEze

Figure 17 nstrumentaton contol cable





SLIDE 23

· Note that instrumentation connections are highly sensitive to slight variations in voltage and resistance. Discuss shielding, drain wire, and shield grounding connections.  
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Shields are aften provided on instrum entatian cantrol wiring ta prevent stray
electrcal nterference from afiecting signals being canie by the cartrol wiing.
A shield ground wire provides cortinuous cartact vith a specifed grounding
terminal for all instruments wthin a lacp

Typicaly,the shiskding in instrum entation circutsis raunded at on end of the
conductar only.





SLIDE 24

· Explain the function of plastic jacketing. 
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Figure 18 Mulfoonductor insbumnation cortrl cable witaveral ozbl zhisd and indiidusly
Shielded pais.





TESTING and PERFORMANCE
· Have the students complete Active Figures 5, 7, 13, and 14.

· Have the students answer Review Questions 1 – 17 for Sections 1.0.0 – 2.7.3. Provide correct answers and remediation at the end of the quiz.
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