DRAFT, 3/30/2003
DRAFT, 3/30/2003

Appendix D: Building Cables and Permanent Wiring
For your fist few Ethernet cables you should buy good quality cables so you know that your cables are not causing technical problems. However, you should not be afraid of building your own cables once you gain some experience. And in the next section, we will talk about completely wiring your home - having the ability to build a cable is an important skill when wiring your home. 

Building a cable is easier and cheaper than you think. First you will need some supplies and equipment.  You can purchase Category-5 cable and crimp-on cable ends from many home improvement stores, electrical supply stores, or via mail-order. The tool to crimp on the cable ends is relatively inexpensive and will cost around $10-$15 to purchase. 
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The following are the basic steps to install a crimp-on end to a Category-5 cable: 

· Cut the cable to the proper length. 

· Gently score the outer sheath to remove about 3/4 of an inch of the outer sheath. 

· Untwist the exposed wires. 

The goal of the next step is to arrange the wires from left to right in the proper order and very flat so they can be inserted into the crimp-on cable end. The order from left to right is orange-white, orange, green-white, blue, blue-white, green, brown-white, and brown. There are two different "standard" wire orders called EIA-568A and EIA-568B.   This order described above is EIA-568B which is somewhat more common.   The ordering does not really matter as long as you use the same approach on both ends of the cable. While this order may seem strange, it makes some sense to think of it from the center out, where the blue-white/blue pair are the center pair. As you place the wires in order keep the wires very flat and very tightly packed so they can easily slide into the crimp-on connector. 

Once you have them in the right order, held very tightly, trim the exposed wired to 1/2 of an inch. Without letting go of the wire, slide the crimp-on connector on so the wires so that the connectors are facing you, the cable is pointed upwards and the orange-white wire is to your left. 

Press the wires firmly into the connector, making sure that the wires stay in the proper order. The connectors are designed so that it properly aligns the wires as long as the wrier are in the proper order. 

Once the wires are pressed into place, you should take a final look to make sure that everything is in order. The cable sheath should be inserted approximately 1/4 inch into the connector. The connectors are designed so that you can look at them from every angle to make sure the wires have been inserted properly. 

Once the final inspection is complete, simply insert the connector into the crisper and crimp the connector.  Most crimpers have an automatic stop so you cannot over crimp the connector. 

Again, you should examine the connector closely to make sure that the wires are properly lined up. 
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 Once you have assembled both ends of the cable, you should test the cable in a known configuration to make sure that it works properly. A very simple test is to replace a known cable with your new cable and make sure that everything continues to work. 

Cable testers range in cost from $50 to several thousand dollars. For a home network you can get by with the lowest price cable tester. The low priced testers simply test that the copper wires are connected to the right pins. The more expensive testers can certify a cable as capable of handling data up to a certain speed. 

If you would like a more polished look for your cables, you can purchase "plug boots" for each end of your cable. You slide the boot onto the cable before you terminate the connector. Once the connector is attached, the boot is slid over the connector and held in place with a small drop of glue. This way your cables can look exactly the same as the cables you purchase in a store. 

Once you gain confidence building Cat-5 cables, it actually is fun and not too difficult. If you take your time you will probably find that your very first cable will work. 

Wiring a Wall Jack

Once you have built confidence in your cable-building ability, you may want to wire all or part of your home. The simplest approach is to run long cables throughout your home to some common location and plug the cables into a hub. You pull the cable between the locations and terminate the ends with the standard male crimp-on connectors. 
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At some point, you may want a more polished appearance with some type of Cat-5 wall jack. Then you can run a short cable from the wall jack to the computer. To be even more "professional", you may want to run all the cables to a central location in a patch panel and then run patch cables from the patch panel to the hub or switch. 
The only additional skill beyond wiring cables that is needed is the ability to string write through your home and the ability to wire Cat-5 jacks. Like building cables, wiring jacks is relatively simple once you know the basics. 

Jacks are somewhat more expensive than cable ends. You can easily spend $5 or more for each jack. Fewer stores stock jacks so you may have to order them mail order or shop around a bit. One nice solution is a modular jack system where you can put different combinations of jacks into standard openings in wall plates. Levitron (www.levitron.com) is one of the leading vendors for modular jack systems. 
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You will also need a punch-down tool to push the wires into the jacks. If you will be terminating more than five jacks it would be a good idea to purchase a spring loaded punch down tool with a automatic cutting blade for about $50.00. 

There are actually two different types of punch-down systems. The older system is a "66-type" was used for phone systems and Category-3 wiring. The newer system used for Category-5 wiring is the "110-type". Most likely you will not encounter anything other than the 110 type equipment. 
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 Most types of wall jacks will actually have a color coding so you know which wires from the Category-5 bundles are to go to which terminal. The steps to wire a jack as shown above are as follows: 

· Carefully score the outer jacket of the cable and remove about 1.5 inches of the outer sheath. 

· Figure out where each pair must be terminated in the jack. Untwist a pair of wires, place each wire in the terminal and punch the wire down. If you have an automatic cutter, it will automatically trim off the excess wire at the same time. You want to maintain the twists in the wire as much as possible, untwisting only in the last 1/4 inch if possible. Also make sure that the wires are placed so that the sheath will be properly crimped into any type of strain relief. In the figure above, all of the wires have been punched down but not yet trimmed so that you can see the detail. 

· Continue to punch down the remaining wires, keeping the wires twisted as long as possible. 

· Trim off any extra wire if you did not use a punch down tool with a cutter. 

· Install any strain relief as necessary. 

· Install the jack in the wall. 

Like any other component cabling that you build, your newly wired wall jack must be tested as well. You can use the cable tester with a cable that is known to be good plugged into your jack. Since all of the cables, wall jacks, and connectors are wired "straight-through", you can test them at any point and in any combination using the same tester. 
Working with Category-5 Cable

In this section, we discuss what you may want to do when wiring your home to provide a complete home network. We won't cover cutting holes in your walls, installing outlet boxes, or fishing wires through walls. What we will cover is the basics of pulling data wire and some general rules which you should follow as you string wire throughout your house. 

In many ways, category-5 cable is pretty rugged and you do not have to treat it with kid gloves. But here are a few basic rules to follow as you run wire throughout your house: 
· Category-5 cable is designed to be pulled through relatively long conduit so it has pretty good tensile strength. You can pull pretty hard without damaging it. However depending on why you have to pull hard, you may be damaging the cable. 

· Category-5 cable does not to be bent around very tight corners. A good rule of thumb is to keep a 6-8 inch radius on all cable bends. Generally if you bend the cable to aggressively it will tend to fail at the higher bit rates such as 100Mb/sec. Sometimes while you are pulling the cable, it will get tangled in a knot. If you pull too hard, you can end up crimping the cable which can cause problems. 

· You should not use a standard staple gun to attach Category-5 cable to your walls and studs. A staple gun can also squeeze the cable too tight and cause problems. A better approach is to use a special cable stapler or to use a hammer and wire staples. But with the hammer you must make sure that the staple only "gently" touches the wire. Another approach is to use a nylon wire-tie around the wire and then stapling the "tail end" of the wire tie. 

· You will want to avoid cable television wiring, power wiring, fluorescent lights as much as possible. You mill not be able to avoid these sources of interference completely - but whenever possible, have your data cable simply cross these sources at a 90-degree angle so as to minimize the interference. 

· When you purchase your cable, consider purchasing cable in a "self-feed" box or on a spool. You may have purchase somewhat more than you need, but the convenience of being able to feed your cable without tangling is very helpful. Usually you have to purchase 1000 feet of cable to get a spool or pull box. But by purchasing extra cable, you can leave plenty of excess cable on each end of your cable pull without feeling too bad. 

These rules can be summed up in a single basic idea: Category-5 cable is happiest when you treat it gently during installation. For that reason, you need to take our time working the cable through and around your walls, plumbing, and furniture. It is often quite helpful to have a helper who can make sure that the cable does not get tangled as it is fed out. 

Wiring a Home Under Construction

It is much simpler to wire a new home while IT is being constructed. You can have a home with flexible data and entertainment network capabilities in every room. 

Some builders are even providing home wiring as an option in many new homes. Home data wiring is often done by companies who specialize in home security, home theater, and whole house audio. A rough estimate for a professionally installed home data network is about $150.00 per network connection. 
Some professional installers will suggest "structured home wiring". Most structured wiring consists of some combination of Category-5 cables and coax cable. The Category-5 cable can be used for data, telephone, security, low-voltage power, and home automation. The coax can be used for Cable television and satellite television. Either technology could be used for whole-house audio or video. A typical structured home wiring solution consists of two Catgory-5 cables and two RG6 Coax Cables. Some wiring even includes two fiber optic cables as well.   The key idea is to install the wiring once and then upgrade the equipment in the basement and the equipment in each all outlet as your needs change. 
If you are considering structured wiring, the biggest concern is the cost of the equipment to connect to the cables, both now and in the future. 
 An approach that we prefer is to emulate the approach used in most commercial buildings. Commercial installations prefer conduit for wiring because it offers the ultimate in long-term flexibility. Conduit also allows you to build only the capabilities that you need and no more. You can install a low-cost cabling solution now, use it for ten years. Then when some new technology becomes available and is inexpensive, you can remove your first solution and put in the new technology using the same conduit. 

Depending on a number of factors, a conduit solution may actually be significantly cheaper than a structured wiring solution even if it is installed by a professional. There is a very effective flexible plastic conduit that is very easy to install. Professional electricians laughingly call this "smurf-conduit" because of its blue color. But it has a number of significant advantages over wire installed directly in the walls. 
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When installing cable or conduit in a new home, there are a number of important things to keep track of: 

· Make sure to contact a building inspector. In most localities, the local building inspector treats phone, entertainment, and data networking as low-voltage and so the electrical inspector will not need to inspect the actual wiring. However whenever you are drilling holes through floors and installing equipment in the walls, there may be codes that you have to follow. For example in some locations you must "fire-caulk" any opening between floors. 

· You will need to coordinate with your builder. If you install conduit, the actual CATV and telephone installation mat be done much later. 

As you plan where to put outlet boxes and conduit runs, try to think about future applications. Some of the locations that you might not think of right away include: 

· Above the kitchen cabinets - remote speakers, cable TV, or even a smart refrigerator. 

· In a master bathroom 

· Inside closets - a closet might be a good place to put a shared printer 

· Inside cabinets 

And make sure that each time you have a data jack that there is power nearby. While low voltage power solutions seem promising, most standard equipment will need standard household power for quite a qhile. Once you have set out to install conduit, you should use conduit for all of your connections (telephone and CATV). This gives you ultimate flexibility for future deployment as your wiring needs change over time. 
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