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Week 12

Chapter 28: Electrical Wiring

The textbook for this course is: Modern Carpentry, Essential Skills for the Building Trades. By Willis H. Wagner and Howard Bud Smith, Published by the Goodheart-Willcox Company Inc., Tinley Park, Illinois (2008) ISBN 978-1-59070-648-0
The second half of this textbook will be covered in this course with the first half of the textbook covered in Construction Technology I.  

Please Read Chapter 28 from pages 821-842 in Modern Carpentry, Essential Skills for Building Trades by Willis H. Wagner and Howard Bud Smith.

Introduction

As we begin this section on the mechanical systems of a building, let me say it up front.  These chapters will not make you even remotely qualified to take on a real life project.  Electrical, plumbing, and HVAC all require specialized training and experience under someone who is qualified and, hopefully, licensed.  Most contractors sub out the mechanical system work.  However, these next three chapters will give you the fundamentals of each of these systems and how they operate.  Take time to learn unfamiliar terms.  Knowing the language of a trade helps build communication and rapport.  With a few basic terms and some fundamental knowledge you will be able to understand and take part in discussions involving these systems in a construction project.  If these are high interest areas for you, seek out professional training and/or work as a laborer of a mechanical contractor so you can learn the trades from the ground up.  Because these are specialty fields and carry inherent dangers to the workers and the homeowners, licensing is required and construction projects may require special inspections and approvals.  Codes in these fields are many and strict.

Electrical wiring, plumbing, and heating/ventilation/air conditioning system are collectively termed mechanical systems.  They are installed by qualified, licensed professionals after the building has been closed in and prior to insulation and wall covering.  This chapter discusses electrical systems. The next two chapters will cover plumbing and HVAC. 

Electrical wiring consists of conductors (wires), boxes and various devices that control the distribution and use of electricity in the building.  The electrical system provides the current (the flow of electrons) that powers lights, heating units, and appliances.

Electricity can be dangerous.  When contact is made with people, combustible materials, or metals that are not part of the system, injury and possibly death from electric shock, fires and other damage are likely to occur.  Safety and proper operation are the primary reasons codes for electrical systems are strict and installers must be qualified and licensed.

The National Electric Code (NEC) is a collection of RULES for proper installation.  It is developed by experts and revised on a three-year cycle.  The NEC is not law.  It is a set of rules that may be adopted by a governmental unit and then becomes law and is enforceable.  Permits and inspections are the method for compliance.  The NEC is the model used by most communities for electrical installations.
28.1 Tools and Equipment

Figure 28-1 is a list of essential tools.  Electricians must also be familiar with basic carpentry tools such as hammers, saws, chisels and drills.  Some of these tools are modified for electrical installations.  Studs must be notched and holes drilled through them to attach boxes and run wire.  The textbook on pages 822-823 provides Figures 28-2 to 28-6 and descriptions of some of the most common tools of the electrician.  Be sure you are familiar with them.  Never use a metal ladder for electrical work to avoid risk of accidental contact with current.

28.2 Electrical System Components

An electrical system is composed of:
· Conductors—wires that carry an electrical current, usually copper enclosed in a plastic covering to avoid contact.  Figure 28-7
· Boxes and box covers—enclose devices that control current or protect connections to two or more conductors (wires).  Figure 28-8
· Circuit breakers or fuses—protect conductors from overloads.  They shut off power to the circuit in case of a fault or too much current draw; otherwise the wire would heat up and fail and could cause a fire.  Figure 28-9
· Ground fault circuit interrupters (GFCIs) are safety devices installed in a circuit or at an outlet as shock protection.  They detect short more rapidly than a fuse or circuit breaker and are required by code in locations where water is close to outlets or switches such as kitchens, bathrooms, laundry rooms.  
· Switches and receptacles—Switches control the current to lights and appliances.  Receptacles allow connection of electrical appliances, usually called outlets or convenience outlets.   Figure 28-10
· Conduit or raceways—rigid tubing cut and bent to fit within the structure and connected with special couplings.  Wire runs through the conduit for easier installation and protection of the wires. Figure 28-11
· Connectors—fasteners that ensure tight connections between two or more conductors or lengths of conduit; often color coded to identify the appropriate conductor sizes. Figure 28-12
· Circuit—the path through which current flows from the source back to the source.  It includes conductors, switches, receptacles, and any appliance or light.  Appliances in this chapter can mean any electrical device such as a stereo or TV or curling iron, etc.  Current flowing from source to source is call alternating current (AC).  Current that flows in one direction like flashlight batteries is direct current (DC).

28.3 Basic Electrical Theory

Electricity is generated when a conductor made from metal (copper, silver, aluminum) is passed through a magnetic field causing electrons to move through the conductor in one direction.  This electron flow is called current.

When the wire passes through the magnetic field in the opposite direction, the current flows in the opposite direction as well.  This changing of directions is alternating current (AC) which is the type of current in our homes.

Direct current is another form of current where electrons flow only in one direction (DC).  Think of car batteries and flashlights and any device that uses batteries.  That is why they wear out.  Current only flows out and not back in. Alternating current comes from an electrical power generating station and is sent out through conductors (wires).  Figure 28-13.  

Transformers along the way can step up (increase) or step down (decrease) the voltage as required by customers.  The stepping up and down process happens through a magnetic process called induction.  To understand this, we need to look at how a transformer is constructed.  It is made up of two coils.  A coil is made up of a number of wires wrapped around an iron core.  In a transformer, one of these two coils has more turns of wire around it than the other coil.  There is no electrical connection between the two coils.  Current entering one coil sets up a magnetic field.  When this field reaches the other coil, it induces a current because of the difference in the number of turns of wire.

At the power plant, step up transformers are used to increase the voltage because it is easier to send high-voltage over a long distance.  Then the current must be stepped down to the normal line voltage of 120 or 240 volts for home and commercial use.  Some industries use higher voltages and more wires for running heavy equipment.  A friend of mine has a sawmill that used a 440 voltage to operate the big saws.  

Figure 28-14 shows three types of transformers:

· Substation which serves an area such as a town
· Pole which serves one or a small group of residences
· In the house, small transformers reduce voltage for items like doorbells

The line/wire/conductor that brings power from the pole to the house is called a service.   This line may be overhead or underground.  Two 120V conductors and a neutral come to the house which allows for 240V for items like water heaters, welders, electric ranges, and air conditioners.   See Figure 28-15.  Be sure to read the safety box on page 828 and memorize the list of safety tips.

Green Box

More and more power plants are being built that use solar power or wind power as the fuel source rather than fossil fuels.  Individuals are also construction their own solar and wind power systems and even selling their excess capacity back to the power company.  Wouldn’t it be great to have the power company owe you money every month?  If will be interesting to see how we generate electricity in the next 50 years.

28.4 Installing the Service

Before the service comes into the distribution panel or entrance panel, it goes through a meter to allow the power company to measure your electrical use and “generate” your bill.  Sometimes the distribution panel is called the service panel or the electrical box.  Here the main breaker is located, which de-energizes all service to the house, along with small breakers or fuses for each circuit in the building.  When too many items are plugged into one circuit, the line heats up and the breaker or fuse blows to prevent a short or fire.  See Figures 28-16, 28-17, and 28-18.

28.5 Grounding and Ground Faults

Because electricity can be so dangerous, an electrical system must be designed so current safely travels through insulated conductors.  When current leaves conductors (wires), it enters a device that converts electrical energy to provide light, heat, or motion.  If a conductor comes loose or a device breaks, a short circuit (ground fault) can occur.  The result is that the current energizes something that should not be energized.  If a person is touching energized metal, he/she will get a dangerous shock.  Grounding is a method for minimizing the possibility that a short circuit will result in a shock.  If an electrical system is set up correctly, every device is connected to a ground.  Here are ways of providing this connection:
· With a ground wire, either bare (uninsulated) or green, that leads from the device to a neutral bar in the service panel.  
· Using metal boxes and conduit that house the conductors to provide a path for current along the conduit to the neutral bar.
The ground is completed by a conductor that runs from the neutral bar to a cold-water pipe or to grounding rods driven deep into the soil.  See Figure 28-19.

Now be sure you understand this next statement!!  When a short circuit (ground fault) happens, the grounding path carries the current back to the panel.  The extra path lowers resistance, which, in turn, causes a power surge which causes the circuit breaker to trip (or fuse to blow).  At the same time, current is directed into the earth where no harm results.

Years ago, my sister had electrical work done on her home to install a new furnace.  The TV antenna (yes, back in the day) sat next to the side of her house close to the driveway.  The grounding rod was pushed into the soil next to the antenna.  The furnace was wired wrong from the manufacturer.  Every time anyone would walk too close to the antenna, they would get a mild shock.  It took quite a while to figure out what was wrong!





28.6 Reading Plans

The house plans will include an electrical layout.  Standardized symbols are used and the path of the electrical cables is laid out including the size of the wires, how many wires are in each cable run.  The symbols on the drawing indicate the location and type of receptacles and switches, light fixtures, fans, etc. that will be installed.  From the drawing, the bill can also be generated and it can also be used as a check list for completion of the work.  See Figures 28-20, 28-21, and 28-22.

28.7 Running Branch Circuits

A circuit is basically a loop from the power source, through current-using devices and back to the source, which is usually the service panel containing the breakers (or fuses).  See Figure 28-23.  Branch circuits include all of the outlets on run.  The circuit begins at the service (distribution) panel where it is connected to a breaker.  The electrician installs junction, switch, and receptacle boxes then runs wire to these boxes.  This usually requires holes to be drill in studs and joists or, in a metal-framed building, through punch out premade holes.    Then the wires are connected to each box and device.  NEC requires cables to be securely fastened to framing members at specific intervals.  Care must be taken to avoid puncturing a wire.  Metal plates are available to help protect the wires from the nails. See Figures 28-24, 28-25, 28-26, 28-27, and 28-28.

28.8 Device Wiring

A circuit is not a circuit until it is connected to another wire/cable.  That completes a loop for alternating current.  Along that circuit will be boxes that hold switches, outlets, light fixtures, and junction boxes; Wires come into an outlet and are attached and then go out the other side.  Cable must be stripped so the bare wires can be wrapped together.  A wire nut connects them.  Figure 28-29. 

The terminals on switches and outlets are usually screws.  The screws are tightened to grip the wire.  Figure 28-30 illustrates this procedure.  Switches control current through a circuit.  The hot wire is interrupted by the switch as shown in Figure 28-31.  Wiring a single pole switch is pretty straightforward, but three-way and four-way switches can be complicated.  Figure 28-32 shows how current flows through a three-way switch.  

Receptacles allow the transfer of current from the wires to lamps, drills, hair dryers, etc.  They have terminals on both sides.  The hot wire is attached to the copper terminal and the neutral white wire is attached to the silver colored terminal.  Figure 28-33.





28.9 Electrical Troubleshooting

Most electrical problems result from a faulty switch, outlet, light fixture, or breaker (fuse).   Although strange things like mice chewing through wires is not uncommon.  More complex problems include open circuits, broken conductors, voltage fluctuations, and ground faults or current leakage.  I know a family who owned a very large dairy farm that were literally put out of business when stray voltage kept shocking the cows as they were milked.  The power company, the electrician, and the dairy equipment manufacturer, of course, each blamed the problem on the other company.  These types of problems can be difficult to resolve when the exact source and location of the problem is unknown and the system is large and complicated.  The primary way to find the problem is TESTING.  Testing devices can be used to check receptacles, switches, and fixtures.  Refer to page 838 in the textbook.  The procedure boxes and Figures 28-24, 28-35, and 28-36 provide further explanation.





28.10 Home Security and Automation Wiring

Just a decade or so ago, it was a novelty to see a new home constructed with stereo wiring and speakers.  Today it is commonplace for homes construction to include low-voltage wiring for home security systems, remote controls for HVAC and even draperies, internet access, and all sorts of specialty electronic systems.  The best time to install these systems is prior to insulation and wall coverings.    The futuristic “smart house” is now a reality.  I wonder what the next 10-20 years will bring, especially with more and more wireless options.  Captain Kirk’s tricorder on Star Trek has been surpassed by our cell phones.  Cells phones and even small calculators have more capability than the original UNIVAC computer introduced on the Ed Sullivan Show when I was just a young child.

28.10.1 Installation

Installation of security systems is fairly easy with exit/entry keypads setting alarms, opening windows, detecting motion, smoke, and heat.  These systems can send live video right to your cell phone.  In fact, a few days ago, a woman was actually talking on her phone to the burglars in her home and seeing exactly what they were taking.  It did not take the police long to pick them up and recover her goods.

The installation of advanced technology home automation systems is referred to as structured wiring and it can be complex, involving more than one distribution. 

28.10.2 Wiring

On page 840 your textbook lists several different types of wiring used in home automation systems: twisted pair cables with multiple pairs in each cable, shielded coaxial, and fiber optic cable.  Fiber optic cables are the future technology but is being installed in homes now so the home is ready as the technology appears on the market.  Some of these systems are installed by specialized subcontractors.  May electricians are also doing this work but the drawing is usually developed by a structured wiring specialist.

28.10.3 General Considerations

This section provides guidelines for installing structured wiring:

· Install structural wiring after electrical and plumbing to avoid damage and interference.
· Avoid daisy chain set-ups with several devices in sequence.  Choose instead to run direct lines.  Quality really counts in these high tech operations.
· Provide large size conduit between floors for future changes.
· Install run with slack and avoid tight bends which can degrade performance.
· To minimize interference, run system wiring at least 12” away from electrical wires.  If they must cross, make a right angle to minimize contact.
· Install the correct wiring and consider adding fiber optic for future use.
· Place the distribution panel in a central location and 24” away from the electrical service panel.
· In a large home, two or more distribution panels may be needed.
· To aid in troubleshooting or system changes, label every cable in the distribution panel with its function and room where it terminates.

On the Job

Have you ever had to pay an electrician to work on your home or business?  If so, you may have experienced sticker shock when you saw the bill.  Electricians are usually well compensated for their work.  Their profession also is well organized under trade groups and unions.  Building code requirements make electrical inspections mandatory so the trade is not only well established but well protected.  Virtually every home and business in the US and most of the world has electricity.  That sure is job security.  Sounds like a great line of work to be in.  Or is it?  Electricians risk serious injury and death on every job from electrical shock and electrocution to falls from ladders and utility poles.  When storms hit an area, electrical workers are up in the air dealing with wind and water in addition to high voltage.  The new generation of electricians also must be knowledgeable in electronic installations.  Our homes are now filled with low-voltage systems to run security systems, stereo, computer and phone systems, and much more.  The field is highly regulated and requires strict licensing because of the danger both to the electrician and the user of the electricity when the job is done wrong.  Houses burn down due to faulty electrical systems.  The job requires lots of knowledge and skill and ability to work well with others and often in unsafe conditions.    So, what do you think?  Do you want to become an electrician?  You could work on your own, work in new construction or existing buildings, work outside with big power corporations as line workers, specialize in home electronics, become an electrical engineer and design electrical systems.  This trade has a wide variety of potential careers.  What do you think?

Chapter Summary and Assignments

Read the chapter summary on page 842. 

Please complete the Test Your Knowledge questions on page 842 and check your answers online.  

Then complete the Online Unit Quiz and check your answers online.  Save your responses. These notes will be good review for Exam preparation.

Online Unit Quiz for Chapter 28

1. The National Electrical Code is a collection of laws on how electrical systems must be installed.
a. True
b. False
2. Wire connectors are slowly being replaced by soldered electrical connections.
a. True
b. False
3. Fiberglass ladders are recommended for electrical work because they are not conductors of electricity.	
a. True
b. False
4. Most homes use direct current instead of alternating current.
a. True
b. False
5. Manual control of circuits is possible through installation of a(n) _______ in the “hot” conductor.
a. Fuse
b. Circuit breaker
c. Receptacle
d. Switch
6. A transformer changes _________ in an electrical system, utilizing principles of induced magnetism.
a. Voltage
b. Current
c. Resistance
d. Power
7. A box that houses a main breaker and circuit breakers or fuses for all house circuits is called a (n) _______.
a. Fuse box
b. Breaker box
c. Distribution panel
d. Service
8. Switches are placed in the ________ of a circuit.
a. Bot or black wire
b. Neutral or white wire
c. Ground wire
9. If a test shows that there is no electrical current in a receptacle, it always means the receptacle is faulty.
a. True
b. False
10. A _______    ________ is used to pull individual wires through conduit, but may also be used to pull cable through a wall that is otherwise inaccessible.
a. Fish tape
b. Plug wire
c. Wire puller
d. Conduit fish
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