 Beginner’s Electrical Class
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INFORMATION:

1.
Understanding electricity

Electricity is the flow of electrons through a conductor.  Wires made of highly conductive copper wrapped in insulation for safety are the conductors that carry electricity.  Electricity always flows in a loop known as a circuit.  When a circuit is interrupted at any point, electricity ceases to flow.  As soon as the circuit is reconnected again, the flow begins again.  Think of the flow of water.  Electricity operates in much the same way.
The electric company distributes electricity generated at power plants.  The utility company sends high-voltage electricity along power lines to buildings.  But by the time the electricity reaches an individual outlet, it has usually been reduced to 120 volts.
The electricity passes from the power plant through a power line to the building, where it passes through an electric meter, which measures how much power is consumed, into a service panel (also called the breaker box or fuse box), which distributes electricity throughout the building/floor/apartment along individual circuits.  Each circuit flows out of the service panel, through a number of fixtures and receptacles, and back to the service panel.  
In a circuit, electricity flows out of the service panel on hot conductors (that usually have black or red insulation) and returns to the service panel on neutral conductors (white insulation).  The service panel contains circuit breakers or fuses.  These safety devices shut off the power in case of a short circuit or power overload. 

Just as a circuit breaker turns on and off the flow of electricity to a circuit, a light switch turns on and off electricity to a fixture (by completing or interrupting the path of the electricity).

Every electrical system should be grounded for safety.  This is usually done by connecting a wire from the service panel to a cold-water pipe and a grounding rod sunk 8 feet into the earth.  Grounding diverts current harmlessly into the earth in the case of a circuit fault (as well as cause the circuit breaker to trip because there will be an actual flow of electricity).

Grounding gives everything a reference point.  If a neutral wire or pipe is grounded it means that if energy comes from a hot wire to a neutral or pipe, it will flow into the ground.  A breaker will notice this flow, and cut off the flow.  If there is no grounding, the flow will sit dammed at the broken neutral wire or ungrounded pipe, there will be no flow, so the breaker will not turn off, and the broken neutral wire or ungrounded pipe will be full of energy.  As soon as someone touches that wire/pipe and another grounded fixture (radiator, water faucet), the energy will then flow through the person to the grounded item and into the ground.  This flow will electrocute the person who is now acting as a wire.

2.
Safety talk, basic

To be safe, make sure that you never become a conductor that completes an electrical circuit.  If you do, electricity will run through you.  You will feel 110 volts, 220 will hurt, and 440 will injure you. 

To make sure you don’t become a conductor:

-
Turn off power

-
Stay insulated

-
Don’t complete a circuit

-
Wear safety glasses.

Don’t trust anyone or anything.  Test everything with a voltage tester.

Metal and water conduct electricity.  Make sure that you don’t create a connection to electricity through either one of these materials.
Do not stand on wet surfaces or metal ladders.  Wear rubber-soled boots.  Stand on a dry piece of plywood if working in a wet area.  

If you touch both a hot conductor and a neutral/ground wire at the same time, you will complete a circuit.  Avoid doing this by not touching bare wires, and using rubber or plastic-insulated gripped tools and holding them only by the handle.

Safety glasses prevent wire-ends, or shards of drywall, conduit, etc from flying into your eye and causing permanent damage.

Black, red, white and blue are normal 110 voltage wires.  If you see the BOY (brown, orange, yellow) colors, that is a 440 voltage service.  It hurts!  If you see it, stay away from it.  Find an experienced man to work with it.  
White (neutral) wire is first on, last off. This is because you will get the full amperage of whatever is on the circuit trying to go through your body to ground if you become the conductor between a broken neutral or two unspliced neutrals.  EXPLAIN THIS BETTER.
Equipment

Boots


Use whenever on the job site.  Need a thick sole.  Good examples at Dave’s on 17th near 7th and 8th.  

Hard Hat


Use according to what the jobsite requires.  Used to protect from falling debris.

Safety Glasses/Googles


This is the key to safety.  Use whenever anytime you are cutting metal or sheetrock, using a power tool, running wire (the ends can flip into your eye), and whenever you or anyone around you is doing anything that might keep up any dust, particles or materials of any kind.   Your eyes are extremely sensitive and irreplaceable.

BX Gloves


Use whenever you are cutting BX cable.

Ear Plugs


Use whenever you or anyone around is using a power tool or making a loud noise.

Work Pants (Carhart, $30)


Thick, snag-free pants that won’t rip on the job.

3.
Testers, how to use

4.
Tools, names and how to use

Handtools

Klein, sidecutter, lineman’s pliers
BX cutter, rotocutter
Screwdrivers, shanks, drivers


Phillips, Flat, other shapes (tamper-free)

Dykes, sidecutter

Needle-nose pliers

Testers:
pen tester, plug tester

Hammer

Razorblade, knife

Tin Snips

Level

Fish Tape, Snake

Sheetrock Cutter

Wire Stripper

Tape Measure

Job Tools

Hammer Drill

Cutter/Grinder

Pipebender, ½-inch, 3/4-inch, etc.

Cordless Drill

Pull Wire, String (acts like fish tape and pulls wire through piping).  Often used with lubricant to help pull the wire through.

Fire Extinguisher

5.
Basic Materials, names and uses

Materials
Hot (black or red), neutral (white) and ground (green) wires.
Wire

BX

12/2. (pronounced “twelve two”)

12/3


THHN (stranded and solid wires).  No need for BX because it is run through conduit/piping.  All gauges of wire are made in THHN.

Electrical tape, black for hot, and white for neutral

Metallic boxes (use zip-it /self-tapping screws that are 1/4-inch)


1900 box (4-inch)


Round box


Bar box


J-box


Cut-in box

Metallic Plate Covers, Mud Rings (called mud rings because they are 5/8th inch deep, the exact same depth as a typical layer of sheetrock, so the front of the box will lay flush with the finished wall)

Single Gang

Double Gang

Wire nuts (plastic), rated by size, identified by color, 

orange is smallest, then yellow, then red (used for 12/2 and is the most commonly used), gray is largest

Connectors


Duplex:  sizes for each type of wire


Single:  sizes for each type of wire


90 degree duplex and singles


½ inch is most common connector, used for 12/2 and 12/3 (and 14/2, not used in New York)

Greenfield 

(flexible), looks like BX but larger (ranges in size from 3/4-inch to 3-inch).  Used to protect low-voltage wire whenever its plastered.

Conduit, metal piping used to protect 

6.
Basic Symbols and Plan-Reading

Receptacle

Switch

Overhead

Low-Voltage

Scale

7.
Basic Action, Splicing:  twist wires together and put on wirenut

Place protective plastic bushing (“redhead”) at the end of BX sheathing.  Place tab at the cut line of the armor (which is the most likely point to cut the wire).  Wrap aluminum wire back over red-head.  Wrap along armor grooves 5-6 times.  Snip and tap down flat.
Untwist the wires.  Tear paper coverings and slide of the wires.  Use stripper to remove ¾” of insulation.  Use other hand to pull wire back from stripper while using thumb to push stripper away.  Place bare wires side-by-side, even out ends by tapping with the Kleins/Lineman’s Pliers, grab ends with Kleins and twist.  Its OK if insulated portion twists also.  Snip ends of the twist to even out the end.  Place wirenut over the twisted bare end.  No exposed copper should show beyond the wirenut.  

8.
Basic Action, Wiring, regular switch, 3-way, receptacles (duplex and AC)

Terminate or cut-in  

Receptacle

Single Pole Switch

Overhead

3-way

Smoke Detector

Low-Voltage 

Mount boxes:


Switch


Receptacle


Overhead

9.
Basic Action, How to work with BX, cutting, installing and securing

Skinning BX


Cleaner:
Use rotostrip.  Put it on wire, squeeze tightly, turn handle until it turns freely


Old Style:
With the tin-snips, bend the armor hard until it opens so that you can see the wires inside.  Give it ½ turn opposite of the way the armor is wrapped.  Then put your snips in and cut.  Make sure there are no burrs.


After cutting BX, place a “redhead” (plastic anti-short insulating bushing) which slides 

Run BX


When drilling holes for BX, drill in the center of the stud, because a nail/screw from sheetrock (which will be on the sides) can penetrate BX, which will short the system, which means that you have to cut open the walls to replace it.


When you pull BX from a cord, always pull from the center of the coil, and pull counterclockwise.  If you pull clockwise, the armo tighten as you pull, and after about 30 feet the BX will be in a big coiled knot.  If you pull counterclockwise, the armor loosens as you pull.


A rough-in box has a clip to attach BX, but it counts as a wire in your calculation of how much fill you can put in the box.  A 1900 box can hold 9 conductors.  The BX clip counts as one, the device counts as one, and each of the two splices counts as one.  So you can really only put in 5 other wires.  If you use a BX connector (which doesn’t count as a conductor), you can put in 6 wires.

10.
Basic Action, Bend tubing

Bend pipe/tubing


Use a tubing bender to match the size of tubing being used.  Each bender has a deduction for each radius being bent.  The chart is on the bender itself.  Here are the basics:

½ inch EMT (tubing) is a 5” deduction for a 90 degree bend.

¾ inch EMT is a 6” deduction

1” EMT is 8” deduction

1-1/4 EMT is a 12” deduction

Anything bigger than that requires a hydraulic machine, or you buy pre-bent tubing/pipe.

For rigid pipe, use a bender that is one size bigger than the pipe.  To bend ½ inch rigid pipe (GRC, galvanized rigid conduit), use a ¾ inch bender.  Use a deduction that matches the bender, not the pipe.

You are only allowed 359 degrees of bend in any pipe run without a pull box.  This is because as soon as you create a full circle (360 degrees) you cannot physically pull the wire through.  Think of wrapping a string around your finger.  If you wrap it all the way around, when you pull it, it just tightens in place.

The code requires that every 6 feet you must install a strap.  If you put in 2 straps per length (10 feet), then you never have a problem.  Any time you penetrate a floor or a wall made of concrete, you must sleeve the pipe.  For a 3 inch pipe, you drill a hole for 4-inch pipe, put in a piece of 4-inch pipe (the sleeve) and put the 3-inch pipe through it.  This way your pipe does not touch the concrete.  The lime and chemicals in the concrete eat up the pipe.  If they do, you’ll lose the ground, meaning that there is no safety in the system above that point.  Even if the chemicals eat through the sleeve, the 3-inch pipe will be in free air not touching the concrete, and therefore will be safe.

In general, you put in a pull box every 50 feet when running pipe.  This makes life easier for installing wire.  

½ and ¾ inch pipe/tubing uses plastic anchors.  Above that, use double expansion or lead shields, because they hold more weight and last longer.

11.
Basic Action, Pulling wire

The reason you are only allowed so many wires in pipe fill is for heat dissipation.  Once you get above 3 conductors in a pipe, you’re supposed to derate the wires.  This means that you can only use a lower percentage of their capacity because of the heat being generated by all the wires together.  Think of a log fire.  The two biggest things in electrical safety are grounding and heat dissipation.  These are the two things that will kill you.

12.
Basic Action, Read a Blueprint

13.
Basic Action, Bonding to ground things correctly

14.
Basic Calculations

Basic electrical calculations:  

Determine wattage, amperage, voltage drop (for every 100 feet increase the wire one size)

Ohms law is wattage (P)=amperage (I) x voltage (E), P=IxE (PIE).  2200 watts on a 110 volt system will pull 20 amps.  But you can only use 80% of a circuit rating, so you’d have to install a 30 amp circuit.  In New York, the wire used is THHN (90%) and THWN (10%), so use these columns to calculate.  When in the smaller ranges, below 60 amps, use the THWN column because the amperages are more common amounts (and therefore don’t require special ordering).

What is common size wiring in NYC?  90% is #12 (12 gauge) wire.

What do you need for a 400 amp service, wiring and raceway?  Find amperage in the THHN column, find number greater than 400, then move laterally to the left and see number under the Wire Gauge Size column, which in this case is 500.   This means “500 MCM” (500,000 gauge) wire.  Anything above 200 amps is generally three phase service, which means how many hot legs you have coming into the building.  Three phase is three hots (red, black, blue) and one neutral (white), or four wires total.  90% of commercial is three phase.  There is no such thing as two phase.  The next down is single phase which is two hots (black and red) and one neutral (white).  Single phase is used on residential and very small retail.  

If you are running three phase, and running a 400 amp three-phase service, then you must run four 500 MCMs (determined from the Ampacity Chart).   Then use Conduit Fill Chart to find the size pipe you need to use.  In this case, if you go down the 500 MCM column to “4”, it calls for 3 inch pipe.  But its best to upsize one pipe size, and go to something that is commonly used.  In this case, 3” is hardly ever used (and therefore less available), so we go to 3-1/2”.  The common sizes of pipes are ½, ¾, 1, 1-1/4, 2, 3-1/2, and 4. 

Once you go above 2,000 watts, most circuits are 220 volt for heaters and motors.  You can always tell what voltage something is by the rating plate, which also tells you the amperage needed.

What is needed to run a 3,000 watt electrical heater on a 220 circuit?  First, I need to figure out amperage, which I do by using the PIE chart.    3000 divided by 220 equals 14 (rounded up).  We can only use 80% of a circuit’s rating.  To calculate, we multiply 14 by 125% and get 18 (rounded up).  On the Amperage Chart, we look under THWN, find the next largest size which is 20, and move to the left to see that a 12 gauge wire is needed.  #12 wire is used in 90% of situations.

Now go to Conduit Fill Chart, and find that a ½ inch pipe can fit 9 #12 wires, which is way more than the 2 or 3 that I’ll have to pull.  So I use a ½ inch pipe.

Even though you can pull 9 #12s through a ½ inch, you must have boxes that match the number of conductors.  To determine this, use the box calculation?

5 wires in a gem (handy) box.  9 conductors in a 1900 (4”) box.  13 or 15? in a 5” box.  Every wire,  splice, and device counts as a conductor.  If you have 4 wires going through a box, and you are splicing in two conductors for a device, then you have 4 wires, 2 splices and one device, which makes 7 conductors, which will fit in a 1900 box.

110 has one hot and a neutral.  220 has either two hots, or two hots and one neutral.  You will know which because you will see the wiring on the appliance.  Generally motors and heaters usually do not require a neutral.  Most everything else does.  The neutral is used a part of a control circuit.

For example, an electric stove is 220 volts, 60 amps.  The lightbulb, clock and timers are 110 volts.  Therefore you need a neutral to use in conjunction with only one of the hots to get a 110 volt circuit.  If you use two hots, you get a 220 volt circuit.  

Think of the neutral as a drainpipe.  Any unused energy returns along the neutral to ground.  The hots are like faucet pipes where the water comes out.  The switch is like the faucet on/off. 

A lighting circuit is usually 15 amps, and appliance and convenience circuits are 20 amps.  Appliance is a dedicated circuit for appliances.  Convenience circuits are those which go around the room and have outlets for everyday use.  Just now, it is allowed (but not required) to use 20 amp circuits for lighting.  On a 15 amp circuit, you were only allowed to put 10 fixtures.  Now you figure the amperage of the fixtures, add them together.  For example, a 60 watt bulb on a 110 volt circuit uses about ½ amp.  You can now put 24 bulbs on a 15 amp circuit (or 32 bulbs on a 20 amp) because you can only use 80% of the circuit’s power.  In the old days, you could only put 10 fixtures on any lighting circuit, no matter how big the circuit.

15.
The job interview

When you go in an interview for an electric company, wear jeans and a polo shirt.  If you go in dressed too fancy, they will think you’re not ready to work.

Don’t ever claim to know anything. Be humble.  Say that you are still learning, and you’re not afraid to call and ask questions when you don’t know.  This makes a boss feel comfortable that you won’t do something wrong that will cost him a lot to undo.  If you do something that you don’t understand and do it wrong, it costs triple to repair.  The time/material to do it in the first place.  The time to rip it out.  And the time/material to redo it correctly.  A boss would much rather hear “I’m not sure, can you please tell me what to do” than pay 3 times.  Asking questions doesn’t make you look stupid.  It makes you look prudent.  Bosses like it!

16.
Getting started on the job

Tools needed to get started:

Tape measure (10), hammer 16oz (10), 9-inch lineman’s pliers (35), screwdrivers (1 big flat, 1 small flat, 1 phillips) (8/per, 24 for three), tin snips (15), some jobs require a rotostrip or BX skinner (35) (but its slow, a hacksaw or tinsnips are faster), hacksaw (20), tester (6-600, 35 is good general), hard hat (15) and boots (50) if on an OSHA site (anything over 6 stories).  Jeans are OK.  $150 without the hard hat, boots and rotostrip/BX skinner.

17.
The Career Track

The first job in the electrical trade is a Green Helper, which starts at $10-12/hr.  There is no set timetable for pay raises, but if a person is dependable and productive, then he can expect that each 6 months on average, he will get $1/hr raise.  So, by 4 years in, you should be making about $18-20/hr.  At that point you are topped out as a Helper. After that, the more responsibility you take on (ie- the more complicated jobs you are willing/able to do without supervision), the more you can make.

Those levels and titles for electrician are:

Helper, Mechanic, Journeyman, Master.  There is a licensing board in the county/city, and, after you have a certain amount of time in the trade, you take the tests to get to the next level.

To get your electrical license, you must put in at least 4 years as a Helper and 7 years as a Mechanic.  Then take a very hard test (requires a college course for 1 year to prep for the test, then only about 60% pass).  You must have your business insurance before you take the test (about $20,000 in administrative costs for the class, insurance, test fee).  If you pass, you have your Electrician’s License.  And now you have an Electrical Company in New York City.  In NYC, there is only one license-holder per company.  Outside of the city, each worker is licensed at different levels.

To get the license, you must be in good moral standing.  Misdemeanors are OK, but felony convictions and violence are frowned.  If you have these, you will have to get a Certificate of Relief of Disabilities, which usually comes from the court you were sentenced in, and you are eligible for it after you have no serious convictions for 10 years.

18.
Nearby Supply Houses

Home Depot on 23rd, between 5th and 6th

Midtown Lumber on 25th between 7th and 8th

G&G Electric Supply

137 W 24th St
Dave’s



18th St
19.
Advanced Materials, names and uses

Plastic:

-
Plastic materials not allowed in New York City.  Only approved in single residences detached less than 2 stories.

Wire/Cable:

-
Romex only used for temporary feeds and lighting.

-
Aluminum wire not allowed in NYC.  Only ConEd can use it.  All others must use copper.

-
Cable, known as BX

-
Armored Cable/BX used for residential and has undersized ground wire

-
MC (Metal Clad) is used for commercial and has full-sized ground wire.  (This is also called BX.  No confusion because it will be the only cable on the commercial site.)

-
SEC (Service Entrance Cable) not used in NYC.  Used in Westchester, etc.  Like Romex, you just staple it to the wall, but its big.

-
SO or SJ cords.  Used to hook up a machine that moves, so the wire needs to be flexible.

-
Communications (Low Voltage) Cable


Cat 5
computer and phone data lines (phone, Ethernet, etc)


Coax
used for cable television and security cameras.  If you run coax in Manhattan, you must get it from Time Warner.  They will supply it to you for free. 


Bell Wire, 18/4  (first number is the gauge of the wire, the second number is how many wires are in the cable)

Metallic Boxes:

-
Rough-in Box, has brackets so that you can mount it to a stud.

-
1900 box

-
1900 extension collar, used to increase the depth of the 1900 box so that you can put more wires in it.  A regular 1900 box can hold 9 #12 wires.  With an extension collar, you can put in 18.

-
Rough-in or mud rings.  Put on the box after the wire is in and spliced but before the sheetrock or finish goes on.

-
5-inch box (really 4-11/16th but noone calls it that), with mud ring and 

-
Single gang is a rectangular hole that holds one device.  

-
Two gang is square hole (2 rectangles side by side) that holds two devices

Device is a switch, a plug, motion detector, camera, heat sensor, etc.  Primarily a device is a switch or a plug.

-
Blank Plates are used to close boxes when there is no device.

-
A knockout is a hole in a box that can be tapped out with a pair of pliers/screwdriver.

-
Round (octagon shape) boxes, used for lighting fixtures or smoke detectors in ceiling and wall.

-
Surface mount (4 inch) is used when?.  

-
3 inch is not used.  

-
Pancake box is used when recessing into a concrete ceiling.  Only allowed 2 #12s in it.

-
Bar Box is a round box with telescoping mounting bracket known as barhangers.

-
Handy Box is used for surface mounting switches and plugs, when running exposed wiring/piping.

-
Weatherproof Boxes are used outdoors or when there is a lot of water nearby.   New code requires In-Use Cover for GFIs installed outdoors.

-
Cut-in Boxes, or Gem Box, can be attached together (ganged).  

-
Wiremold Boxes used for wiremold that is run on the surface of walls.

-
Mulberry covers used for 1900 boxes when surface mounted (usually when running pipe).

-
2 gang switch, single gang duplex, GFI, dryer plate

Tubing/Piping:

-
EMT (thinwall), used where there is no water.

-
Rigid, used when going underground or in corrosive environment

-
Aluminum, used outdoors aboveground and water environments indoors

Other

Basic service equipment

2-inch EMT connector

Matt’s Next Actions:

1.
Learn basic actions

2.
Build a total of 5 workboards and put them up on the wall.

3.
Review the rest of the Materials book.

4.
Review any other charts/calculations needed

5.
Review a plan.

