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INTRODUCTION

The Benefits of Certification

The Computing Technology Industry Association (CompTIA) and the Consumer Electronics Association (CEA) have collaborated to create a certification exam that verifies the knowledge, training, and experience of a home technology integrator who has been working in this field for at least six months. The fact that the Digital Home Technology Integrator+ (CompTIA DHTI+) certification exam exists is a clear indication that the home automation market is rapidly expanding, and these two organizations have combined to provide the consumer with a baseline to which all professionals in the home technology industry can be measured.

The CompTIA DHTI+ certification provides benefits to the technician and the employer, as well as the homeowner.

The benefits to the technician include:

• Proof of his or her professional achievement and knowledge

• A clear career path

• Improved job opportunities

• A foundation for additional higher-level certifications

The benefits to the employer and the homeowner include:

• Verified skills of job candidates simplifies recruitment and hiring

• Reduced entry-level training costs

• Measurable job performance and competency standards

• Increased customer satisfaction and repeat and follow-up business

• Reduced warranty repair work and costs

• Increased competitive advantage over companies without certified technicians

CEA and CompTIA

CEA and CompTIA are computing and electronics industry associations that promote the development of workplace and product standards.

CEA

CEA, the Consumer Electronics Association, is a worldwide trade association of over 2,200 companies that design, manufacture, distribute, sell, and install residential electronic systems. In addition to the DHTI+ certification, the CEA has developed and sponsors a wide variety of certification tests for electronics technicians.

[image: Image] NOTE For more information on CEA and other certification programs it sponsors, visit its website at www.ce.org.

CompTIA

CompTIA, the Computing Technology Industry Association, was founded in 1982 with a focus on advancing the growth of the information technology (IT) industry and to improve the skills and knowledge of IT professionals. Because CompTIA has over 20,000 individual and institutional members in more than 102 countries, it has become one of the more influential IT trade associations in the world.

CompTIA’s commitment is to help facilitate the growth and quality of the IT industry through the development of IT industry standards, the skills and expertise of IT professionals, and the development of ongoing skills education. The areas of focus for CompTIA are currently convergence technology, e-commerce, IT training, software services, IT career certification, and workforce development.

[image: Image] NOTE For more information on CompTIA and its certification programs, visit its website at www.comptia.org.

The DHTI+ Certification

The DHTI+ certification provides a comprehensive evaluation of the knowledge and skills that are required to perform well on a home integration job. DHTI+ is a vendorneutral, international certification (although only available in English at this time) that verifies a home technology integration technician’s capabilities to perform the design, configuration, integration, maintenance, diagnosis, and troubleshooting of digital electronic home automation and control systems.

CEA and CompTIA have worked in partnership to provide a credible and recognized certification for home technology integrators who have at least 18–24 months of experience in some area of home technology integration, which includes security system technicians, communications and audio/video installers, HVAC technicians, low-voltage electricians, and network administrators.

The DHTI+ certification covers a broad range of the basic knowledge required of a home technology installer/integrator at the entry level. The exam assesses the candidate on the balance of skills and knowledge that are required to perform the tasks inherent in any home integration job. The objectives of the DHTI+ certification examination upon which the exam questions are based was developed by a panel of nationally recognized subject matter experts (SMEs) from each of the different subsystem areas.


	Domain
	Subject Area
	Percentage of Exam


	1.0
	Networking
	20%


	2.0
	Audio/Video
	22%


	3.0
	Telephone/VoIP
	10%


	4.0
	Security and Surveillance
	15%


	5.0
	Home Control Management
	15%


	6.0
	Documentation and Troubleshooting
	18%


	 
	TOTAL
	100%




Table 1 DHTI+ Subject Area Domains

There aren’t any required prerequisites for taking the DHTI+ certification exams. However, it’s highly recommended that you have both on-the-job experience and specific training before spending the money to attempt the exam. The technician that earns DHTI+ certification demonstrates that he or she has the equivalent knowledge and skill levels of a working professional, with at least 18–24 months of hands-on experience in each of the objective areas.

Table 1 lists the subject matter areas of the DHTI+ exam along with the percentage of the exam dedicated to each area.

[image: Image] NOTE These certification objectives are subject to change. For the most current information, visit www.comptia.org.

About the CD-ROM

The CD-ROM located in the back of this book includes a practice exam for the DHTI+ certification exam to help you get a feel for the type of questions you may face on the actual certification exams. Though the practice exam provides no guarantee for your performance on the actual exam, it may be a valuable tool for making sure you understand the knowledge in this book and that you have some familiarity with electronic exams before taking the real exam.

Updates and Errata

Though every effort has been made to provide complete and accurate information, digital home technology integration is a complex and ever-changing area, and it is possible that corrections may be identified after publication. Please visit www.mhprofessional.com, click Computing at the top, and then click Errata on the left to access any confirmed fixes.


PART I
Home Technology Installation Basics
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CHAPTER 1
Wire and Cable Basics

In this chapter, you will learn about:

• Wire types, insulation, and jacket materials

• Cable types, construction, and characteristics

• Cable performance, attenuation, cancellation, and interference

Just like a house is built on its foundation, a home automation network is built on its wiring. Home networks of all types, and yes, even wireless networks, are built on a network of electrical, communications, and audio/visual wiring.

The myriad standards, guidelines, and cable and wire types can be a bit confusing, but when you organize them by the various systems in a house, it’s really not all that complicated. This chapter focuses on the different cable types used in computer networking and their construction, performance, specifications, and how each is typically used in a home automation project. This chapter provides you with the basic construction, use, and performance characteristics of the cable used in each of these different networking applications that could be installed a home.

Electrical Wiring and Cable

Residential electrical wiring actually includes all of the wiring in a home, but for now we’ll focus on the low-voltage wiring. If you plan on using any of this wiring as a component of a home network of any kind, it is important for this wiring to conform to certain standards and codes.

Low-Voltage versus High-Voltage

When installing wire and cable in a home, you must be aware of the voltage specification of the cable in use. There are certain cable types that are specified as low voltage and others as high voltage. Low-voltage cable is designed to carry lower levels of alternating current (AC) and direct current (DC) voltages than high voltage. I know that may sound like a no-brainer, but there is enough of a difference between these two cabling types that electricians are certified separately for installing one or the other. Table 1-1 lists the basic cable categories and the voltage range each is specified to carry.


	Cable Type

	DC Voltage

	AC Voltage

	Usage




	Extra Low-Voltage (ELV)

	<120 volts (V)

	<50V

	Audio, video, telephone, data cables




	Low-Voltage

	120V – 750V

	50V – 500V

	Standard household electrical wiring




	High-Voltage

	>1.5 kV

	>1 kV

	Power lines to a home





Table 1-1 Wire Voltage Specifications

Low-Voltage Wiring

No specific definition exists for what is generally called low-voltage wiring. In some references, low-voltage is circuit wiring of less than 30 volts (V) of AC or 60V of DC. Another reference defines it as being less than 50V AC, and yet another defines it as being between 0 and 150V AC and DC. In effect, the term low-voltage wiring, which typically is used to describe communications, speaker, security and control signal wiring, is more of a slang term than a specific reference. However, in common usage, electricians use low voltage to refer to less than 50V and wire gauges less than 16 AWG (American Wire Gauge).

Low-voltage wiring is defined as being one of five types of circuits:

• Communication circuits Circuits that carry data signals between devices, typically connected to a network of devices. Communication circuits, such as data networking, telephone, and in some cases, electrical cabling, are explained in detail in Chapters 3 and 10.

• Signal circuits An electrical circuit that supplies power to an appliance or electrical device that produces a visual light signal or audible sound signal. Examples of signals circuits are doorbells, buzzers, signal lights, fire or smoke detectors, alarm systems, and other types of security systems.

• Remote control circuits An electrical circuit that controls one or more other circuits, motor controllers, magnet contacts, or electrical relays. A remote control circuit controls the supply of power to electrical equipment like appliances, lighting, and heating devices, or provides command signals to control their operation.

• Motor control circuits A circuit that carries electric signals that control the function of a device or motor controller, but not the main electrical power service.

• Power-limited circuits Circuits that aren’t used for signaling or remote control where the power on the line is limited. A low-voltage lighting circuit that includes 120V to 12V transformers to drive 12V lamps is an example of a power-limited circuit. Power-limited circuits are limited to 30V.

Low-Voltage Classes

Low-voltage circuits are separated into four circuit classes, as listed in Table 1-2. Class 1 is divided into two subclasses: Class 1 power-limited and Class 1 remote control and signaling. Class 2 and 3 circuits are commonly found in residential wiring. A few examples of Class 2 circuits are low-voltage lighting controls, thermostats, security systems, intercoms, audio systems, and computer networks. Some security systems, intercoms, and audio systems can also be Class 3 circuits.



	Class

	Type

	Volts

	Volt-Amps (Power)




	1

	Power-limited

	30

	1000




	1

	Remote control and signaling

	600

	No limits




	2

	DC

	30

	100




	3

	DC

	>30V

	>0.5, but not more than 100 VA





Table 1-2 Low-Voltage Circuit Classes

Each circuit class also defines the cable class that must be used. On Class 2 and 3 circuits, the cable must be rated for Class 2 and 3 circuits, respectively. The manufacturer’s specifications should indicate the rating class of each cable it sells, and the class rating should be marked on the cable as CL2 (Class 2) or CL3 (Class 3).

Electrical Wiring

Generally, home automation projects rarely have to deal with electrical wiring except to plug a controller or network adapter into an outlet. However, if you are installing home network wiring into open walls or retrofitting wiring into an existing wall, you should be able to at least recognize common electrical service wiring and its characteristics.

[image: Image] NOTE Most of these electrical wire characteristics are also found in low-voltage wiring.

The following are the most common electrical wiring used in home construction today:

• Modern nonmetallic (NM) This wire is made up of two solid copper or aluminum core wires insulated with plastic vinyl and a bare copper ground wire sheathed with a paper layer and an outer vinyl jacket. Modern NM wiring, commonly called Romex (a brand name), is flexible, durable, and moisture-resistant, which is why it is the most popular choice for residential electric wiring. See Figure 1-1.

Figure 1-1 The construction of modern nonmetallic electrical wiring

[image: Image]

• Underground feeder (UF) This wire, is very much like NM cable, except that the three copper wires (two insulated and one bare) are embedded in solid plastic vinyl sheathing. UF wire is the best choice for damp or buried installations.

• Zip wire This wire type is lighter duty than most residential wiring and has very limited use. Most lamp cords are zip wire, which gets its name from the fact that the two conductors are molded together, but can be easily separated by pulling them apart manually. Figure 1-2 illustrates the construction of zip wire.

Some older wire types you may encounter in a house are

• Flexible armored cable This two-wire type of electric cable, which is also called Greenfield or BX wire (see Figure 1-3), was very popular from the 1920s to the 1940s. The metallic armoring around the outside of the cable provides the grounding.

• Metal conduit From the 1940s to the 1970s, two insulated wires were installed in rigid metal conduit tubing. The metal of the conduit provided the grounding. Metal conduit installation is still required in some areas for bare wire installations in basements, foundation crawl space, attics, and garages. It is also required in some cities. Check your local codes.

• Early NM This two-wire cable was popular from the 1930s to the mid-1960s. It is made up of a flexible rubberized fabric jacket that surrounds two solid copper wires with rubber insulation and paper sheathing inside the outer jacket. Early NM wire had no grounding wire.

Figure 1-2 A cutaway view of zip wire

[image: Image]

Figure 1-3 BX cable is a type of armored cable

[image: Image]

• Knob and tube Wires covered with a rubberized fabric material, called “loom,” was strung over ceramic insulators (knobs) and ceramic tubes through studs and joists. This is a very old and obsolete wiring system found in homes constructed before 1940.

Residential Wire Gauge and Characteristics

The wire gauge used in a home depends on the number of amperes on a particular circuit. For example, if a circuit has 20 amps, a 12-gauge wire should be used. See Table 1-3 for a listing of a few of the common circuit amps and the appropriate wire gauge to use. Remember that a smaller gauge means a bigger and less flexible wire. For wire runs longer than 100 feet, placed inside a conduit, or installed in a bundle with other wires, the next heavier gauge wire should be used to avoid voltage drops and to overcome heat problems.



	AWG/B&S*

	CSA*

	Circuit Amps

	Ohms per 1K feet

	Common Usage




	24/Cat 5e

	0.205

	2.1

	28.6

	Communications




	18 – 22

	0.0480 – 0.0280

	10 – 8

	6.386 – 16.200

	Thermostats, doorbells, security systems




	16

	0.051

	12

	4.016

	Audio




	14

	0.0800

	15

	2.524

	Light fixtures, receptacles




	12

	0.1040

	20

	1.619

	Light fixtures, receptacles




	10

	0.1280

	30

	1.018

	Air conditioners (AC), clothes dryers




	8

	0.1600

	40

	0.641

	Electric ranges, central AC




	6

	0.1920

	60

	0.403

	Central AC, electric furnaces





*AWG (American Wire Gauge); B&S (Brown and Sharpe) – equivalent to AWG; CSA (Canadian Standards Association)

Table 1-3 Wire Gauge to Circuit Amperes

Twisted-Pair Cable

Twisted-pair wiring is by far the most popularly installed media for networking in just about any type of network for many reasons, including that it is inexpensive, easy to handle, and readily available. Twisted-pair (TP) wire is the de facto standard for both Ethernet and Token Ring networks, with Ethernet being the most commonly used networking standard.

Twisted-pair wire gets its name from its construction. Pairs of 24-gauge (or heavier) wire are twisted around each other to reduce cancellation between the two wires. Most TP cables have multiple pairs of wire, typically two or four pairs. Each wire pair is wrapped or twisted around one another to help protect the wires from interference and crosstalk. The more twists in the wires, the better the protection.

Two types of twisted-pair wire are available: unshielded and shielded. Unshielded twisted-pair (UTP) wire, shown in Figure 1-4, doesn’t include any electromagnetic interference (EMI) shielding to speak of, while shielded twisted-pair (STP) wire, shown in Figure 1-5, has an extra wrapping of foil to help protect the inner wires from EMI and cancellation effects.

Figure 1-4 The construction of unshielded twisted-pair (UTP) wire

[image: Image]

Figure 1-5 Shielded twistedpair (STP) wire has a foil wrapper that shields the inner wires from EMI.

[image: Image]


	AWG and Metric Wire Sizes


	Wire, including the wires bundled into a cable, is measured in a variety of sizes throughout the world. In the U.S., wire is measured using the American Wire Gauge (AWG) standard, which measures the diameter of a wire using a formula. Essentially, the formula says that for each drop of six gauges (or 6 AWG), the wire doubles in diameter.


	Many countries around the world use a metric wire sizing system that states a wire’s size (gauge) as ten times its diameter in millimeters. For example, a 40-gauge metric wire has a 4 mm diameter. In the metric wire gauge system, wire gauge increases as the diameter of the wire gets bigger. This can be somewhat confusing because as the AWG of a wire is getting smaller, its metric wire gauge is increasing. To avoid this confusion, metric wire sizes are typically stated in millimeters and not wire gauge. Table 1-4 shows a comparison of AWG wire sizes and the equivalent metric wire diameter of wire sizes commonly used in home automation systems.





	Table 1-4 Comparison of AWG and Metric Wire Sizes



	AWG

	Metric Wire Size (in millimeters)




	10

	2.588




	12

	2.304




	14

	1.628




	16

	1.290




	18

	1.024




	20

	0.081




	22

	0.065




	24

	0.511




	26

	0.404




	28

	0.320





UTP cable is designated for a variety of uses using a specification that divides its various grades into a series of categories. Each of the seven categories specified so far defines a specific number of wire pairs, a number of radial twists per foot (or twists per inch), the bandwidth rating, the maximum segment (run) length for performance, and its recommended networking application. Table 1-5 details the various UTP wire categories, which are referred to as “Cats.” The most common cable categories used in home networking are Cat 5, Cat 5e, and Cat 6. The cable categories listed in Table 1-5 are defined by the American National Standards Institute (ANSI) and recognized by the Electronic Industries Alliance (EIA) and the Telecommunication Industry Association (TIA), who co-author a number of the standards used in home and commercial networking.


	Category

	Frequency

	Bandwidth

	Wire Pairs

	Applications




	Cat 1

	16 MHz

	128 Kbps

	2

	Not currently recognized in TIA/EIA cabling standards. Previously used for telephone lines and doorbell wiring.




	Cat 2

	16 MHz

	4 Mbps

	4

	Not currently recognized in TIA/EIA cabling standards. Previously used for 4 Mbps Token Ring networks.




	Cat 3

	16 MHz

	10 Mbps

	4

	Defined in TIA/EIA 568B and 10BaseT standards. Used in 10 Mbps Ethernet networks.




	Cat 4

	20 MHz

	10 – 16 Mbps

	4

	Not currently recognized in TIA/EIA cabling standards. Previously used for 16 Mbps Token Ring networks and 10 Mbps Ethernet.




	Cat 5

	100 MHz

	100 Mbps

	4

	Not currently recognized in TIA/EIA cabling standards. Previously used for 100 Mbps Ethernet networks (100BaseT).




	Cat 5e

	100 MHz

	1 Gbps

	4

	Current TIA/EIA 568B cable standard. Used for 100 Mbps and 1 Gbps Ethernet networks.




	Cat 6

	250 MHz

	1 Gbps

	4

	Current TIA/EIA 568B cable standard. Used for 1 Gpbs Ethernet networks (1000BaseT).




	Cat 6a

	500 MHz

	10 Gbps

	4

	Future specification for 10 Gbps Ethernet networks.




	Cat 7

	600 MHz

	10 Gbps

	4

	Designed to be backward compatible with Cat 5 and Cat 6. Each wire pair is insulated.





Table 1-5 ANSI/TIA/EIA UTP Cabling Standards



	Frequency and Bandwidth




	There is a relationship between a copper cable’s frequency rating and its bandwidth. In each of the Institute of Electrical and Electronics Engineers (IEEE) cable standards you can find one or more formulas that convert a cable’s frequency in megahertz (MHz) to its bandwidth in bits per seconds (bps). However, the short version is that the amount of current a cable is capable of carrying translates into the amount of data the cable can transmit. As shown in Table 1-5, as the frequency increases on a cable, so does its bandwidth rating.





Figure 1-6 Foil-wrapped twisted-pair (FTP) cabling

[image: Image]

In North America, UTP is the most commonly used networking cable. However, outside of North America, shielded twisted-pair (STP), and its two variations, screened twisted-pair (ScTP) and foil twisted-pair (FTP) wiring (see Figure 1-6) are commonly used. ScTP and FTP include an overall shielding layer, but don’t provide as much protection from interference as STP.

UTP cable, like nearly all cable and wiring, carries a variety of rating codes, which are assigned by the product performance and safety authorities and testing laboratories to indicate the fire safety rating of a cable. These rating codes, listed in Table 1-6, are defined by the National Electric Code (NEC) that is published by the National Fire Protection Association (NFPA).

[image: Image] NOTE Virtually all twisted-pair cable used in networking applications is terminated with an RJ-45 connector. See Chapter 2 for information on cable connectors.

Coaxial Cable

Coaxial cable is constructed of a single-core wire conductor that is encased in a layer of dielectric insulation, which is then wrapped by a wire mesh outer conductor and shield. A plastic sheathing encases the entire cable assembly. Some manufacturers also add additional layers of mesh or foil shielding between the mesh and the outer jacket. Figure 1-7 illustrates the construction of a common coaxial cable.



	Rating

	Description




	CM

	General building cables suitable for nonplenum and riser application




	CMP

	Horizontal cabling that is suitable for installation in ducts and plenums without conduit




	CMR

	Riser (vertical) cabling that is suitable for use in vertical shaft installations





Table 1-6 The NEC Cable Ratings

Figure 1-7 The layers of an RG6 coaxial cable

[image: Image]

Coaxial cable is called single-ended cable because it has a single signal path and a single return path. The core wire carries the positive signals and the braided mesh layer of the cable carries any return signals.

The classes of coaxial cabling commonly used in residential systems are

• RG6 This type of coaxial cable is a 75-ohm cable commonly used with digital satellite systems, analog television, video cassette recorders (VCRs), closedcircuit television (CCTV), and community antenna (cable) television (CATV). RG6 coaxial cable is the minimum requirement for many digital television systems and for television antenna systems. RG6 cables are typically terminated with F-type connectors.

[image: Image] CROSS-REFERENCE See Chapter 2 for information on cable connectors.

• RG11 This type of coaxial cable is fairly stiff and difficult to work with. It was once fairly popular with Ethernet data networks and is included in the IEEE 802.3 Ethernet specifications as 10Base2. RG11 coaxial cabling is most commonly terminated with Bayonet Neill-Concelman (BNC) connectors. This cable is also occasionally used for long cable runs for digital television feeds.

• RG58 This type of low-loss coaxial cable is a 50-ohm cable with a diameter of 0.195 inches, which makes it a good general-purpose cable commonly used for security systems and video display applications. RG58 cables are commonly terminated with BNC connectors.

• RG59 This coaxial cable type is a low-loss 100-ohm cable with a diameter of just under 1/4 inch and is a general purpose cable that can carry about 20 percent higher frequencies and a bit longer attenuation limit than RG58 cable. RG59 cable is suitable for basic analog television antennas in homes and for CCTV on short cable runs. RG59 cable is commonly terminated with F-type connectors.

Fiber Optic Cable

Fiber optic cabling (see Figure 1-8) is certainly an option for installing a home network, but it’s not usually a particularly practical one. While fiber optic is extremely fast, it can be difficult to work with, its interface devices are relatively expensive, and copper wire technologies have advanced to the point that they are capable of transmitting multiple CD-or DVD-quality streams simultaneously. Installing fiber optic cabling can help to future-proof a home, but it’s not likely it will be connected and used at the time of the installation.

Figure 1-8 A multistrand fiber optic cable

[image: Image]

Fiber optic cable is either single-mode or multimode. Single-mode cable carries a single system, but over very long distances. Multimode fiber optic cable is capable of carrying multiple signals, but over a relatively shorter distance, which is still far beyond the requirements of just about any home network. However, if you or your customer insists on installing fiber optic cabling, the type most commonly used in home installations is multimode.

[image: Image] NOTE Fiber optic cables are terminated with a variety of connectors, depending on the type of cable and the application. See Chapter 2 for more information on fiber optic connectors.

Audio and Video Wire and Cable

If you understand how water flows through a hose, then you essentially understand the physics of how electrical waveforms travel through an audio/video cable. Just like a hose stores and releases water, when an audio signal is transmitted, the audio/video cable stores (voltage) and releases (current) an electrical wave at certain frequencies and amplitudes. The voltage and current transmitted through the cable are generally combined under the term frequency. An audio/video signal consists of a collection of high-and low-frequency waves.

Another function of an audio/video cable is its ability to release or pass the audio signal to the next component (amplifier, speaker, or the like) at the right time, without slowing down the signal. A cable with the ability to release the signal at the right time is called in-phase. Not all cables are able to efficiently carry (store and release) audio signals at all frequencies. Virtually every audio cable can carry high frequencies (above 1 kHz) fairly efficiently. However, the ability for a cable to remain in-phase diminishes as the frequencies drop below 450 Hz. When this happens, the lower frequencies are produced out-of-phase, or reproduced later than the higher frequencies.

Balanced Audio Cables

Like a coaxial cable, a balanced audio cable uses both positive and negative carriers, but it also adds a grounding carrier. In an unbalanced cable, the grounding signals are combined on the negative carrier.

Figure 1-9 Samples of balanced audio cables

[image: Image]

A balanced audio cable is used in high-end or professional microphone, line-level balanced analog audio, extended distance runs, and wiring connected to a patch panel. A balanced audio cable is made up of two twisted-pair insulated wires, commonly copper, and a separate grounding wire or mesh shield (see Figure 1-9).

Parallel Pair Wiring

This type of wiring, which resembles a lamp cord, is made up of two separate conductors (a positive and a negative) that are encased in a single plastic or rubber insulating jacket (see Figure 1-10). This type of wiring is inexpensive, but doesn’t provide much protection from external interference. Parallel pair wiring is commonly referred to as speaker wire.



	Frequency, Amplitude, and Hertz




	No, this isn’t the name of an audio industry law firm; these are the properties that characterize the parts of an audio signal:




	• Frequency The number of cycles (waves) for a sound in a second. Frequency translates to the pitch of a sound. Every sound has pitch: a tiny bell has high pitch and a high frequency, and a bass drum has low pitch and a low frequency. Frequency is measured in hertz (Hz).




	• Amplitude The height of an audio signal, which translates into the volume of each part of the signal.




	• Hertz The measurement of the number of cycles occurring in an audio wave in one second. One wave, measured from the center of the raise in amplitude to the center of the decline in amplitude is 1 Hz, which is named after Heinrich Hertz, the discoverer of this phenomenon.





Figure 1-10 Parallel pair wire is commonly used for speaker wire

[image: Image]

Parallel wire is available in a variety of wire gauges, ranging from 8-gauge on the high end to 24-gauge on the low end. However, the gauge that should be used is dependent on a number of factors. A cable with conductors too thin for the signals generated by the amplifier will produce a degraded sound quality with loss in the lower frequencies. In contrast, a cable that is too heavy may be too awkward to work with easily and will definitely cost more.

[image: Image] CROSS-REFERENCE Chapters 11, 12, and 13 discuss audio and video cabling in detail.

[image: Image] NOTE Speaker wire and parallel cable are often advertised as “oxygen-free.” This means that the cable has no corrosion. As a cable is exposed to the air, it can begin to darken in color, which means it is oxidizing. In fact, if a copper wire is green, it is likely fully oxidized.

Speaker Wire

There is a wide range of speaker wire available that falls into several categories of performance, application, and cost. Typically, 16-gauge stranded twisted-pair wire or 14-to 18-gauge audio cable is used for an average length speaker run, with heavier wiring used for very long runs. The twist in the wire helps reduce the amount of electromagnetic interference (EMI) the wiring picks up.

The following terms are commonly used to describe speaker wire and its characteristics:

• Cable ratings The cable designed for a specific use is rated for that use. For example, a cable designed for installation inside a wall carries a premise wiring rating, which means that a cable complies with the NEC and its fire safety standards. Most speaker cable is not rated for use as premise wiring.

• Gauge The wire gauge selected for a home A/V system should be chosen based on its properties and the distance of the wiring runs. Speakers have low impedance (4 to 8 ohms), which means the resistance in the wiring is key to determining how much of the audio signal will reach the speaker. For example, a 100-foot run of 16-gauge twisted-pair wiring has a round-trip resistance of 0.8 ohms. When this wire is used with a 4-ohm speaker, 17 percent of the signal is lost to the resistance on the wire, which means only 83 percent of the sound signal actually reaches the speaker. The solution to this is the use of heavier wire.



	Speaker Ohms

	Decibel Loss

	Signal Loss

	16 AWG MAX. RUN(feet)

	14 AWG MAX. RUN(feet)




	4

	0.5

	11%

	60

	100




	4

	1

	21%

	130

	210




	4

	2

	37%

	290

	460




	4

	3

	50%

	500

	790




	8

	0.5

	11%

	120

	190




	8

	1

	21%

	260

	410




	8

	2

	37%

	580

	930




	8

	3

	50%

	990

	1580





Table 1-7 Speaker Wire Signal Loss

The wire size typically used for home A/V systems is 16 or 14 AWG; both sizes provide good compromises against signal loss, cost, and ease of installation. Plus, the connectors on most audio devices are designed for these wiring sizes.

• Signal (power) loss Table 1-7 lists the maximum cable run distances for 16- and 14-gauge speaker wiring, given the percentage of power lost to the cable due to line resistance. If you know the speaker’s impedance and acceptable loss numbers, you should be able to look up the right size wire to use and its maximum run length.

Video Cables

There are a variety of cables that can be used with video systems. The primary types of video cable are

• Coaxial The standard cable used for cable television connections. Coaxial cable can be terminated with either a BNC or an RCA connector (see Chapter 2). Although it is developing other applications, such as transmission of IR signals, coaxial cable is used primarily for antenna and cable inputs and video distribution.

• Component (also called digital component) The newest of the cable and connector types that provides the best picture quality. The video signal is separated into individual red, green, and blue (RGB) color components, which results in better color and clarity. The connection for a 3-channel component cable has three plugs, one for each color component. Component cable is available in 3-, 4-, or 5-channel configurations as well. Figure 1-11 shows a component video cable with four coaxial cable channels.

Figure 1-11 A video component cable with four channels

[image: Image]

Figure 1-12 A composite video cable with RCA connectors

[image: Image]

• Composite A standard video signal format that contains the color, brightness, and synchronization information. Virtually all VCRs and other legacy video equipment have a composite video input or output. Composite video cables are a single cable carrying only the video signal component. Composite A/V cables that also carry the right and left channels of the audio are terminated with three connectors that are typically color coded with a yellow jack for the video, a white jack for left-side audio, and a red jack for right-side audio. The jack and plug used for composite video are RCA connectors, F-type connectors, or BNC coaxial connectors. Figure 1-12 shows a terminated composite video cable.

Wire and Cable Characteristics

All wire and cable have performance properties and characteristics that limit the use of a particular wire or cable in a given situation. The primary performance properties of metallic (meaning copper typically) wire are as follows:

• Attenuation As an electrical signal moves through a wire, it eventually reaches a point where it begins to lose its strength—the attenuation point. Beyond this point, the signal may become distorted or lost altogether. Every cable type is rated with an attenuation distance, which indicates its maximum run or segment length.

• Cancellation When two wires are not properly insulated or are placed too closely together, the signal in each wire can be significantly impacted (cancelled) by the signal in the other wire. This is also referred to as phase cancellation.

• Crosstalk This condition is caused when the signal in one conductor, which is also referred to as a channel, leaks into another channel and distorts its signal.

• Interference Electrical signals, in the form of electromagnetic (EM) or radio frequency (RF) waves, can penetrate a cable and distort or disrupt the signals being transmitted over the cable. The two most common types of interference are electromagnetic interference (EMI) and radio frequency interference (RFI). EMI is caused by strong electromagnetic fields emanating from nearby electrical devices, such as electrical motors, magnetic ballasts, and the like. RFI is caused by radio frequency electromagnetic waves, like radio and TV signals, that travel through the air and are picked up by the conductors or shielding of a cable.

• Inductance Signals carried on a wire typically have a varying current that produces a varying magnetic field. This field, if strong enough, can create additional current in the same cable or a nearby cable. In a twisted-pair cable, the wires in each wire pair are twisted around each other to reduce electromagnetic induction between the wires.

Control Wiring

There are many different types of control systems in an automated home: lighting control, climate control, security, and perhaps even water control (as in controlling landscape sprinklers).

The wiring that is commonly used to interconnect a control system’s elements, generally 22-gauge wiring or Cat 3 UTP cable, is readily available, inexpensive, and easily installed, especially in a new construction situation. Installing new control system wiring in an existing house can be more difficult, but there are alternatives to new wiring in these situations, such as power line carrier (PLC) and phone line systems, discussed in Part VII of this book.

Bundled Cable

Structured wiring involves the installation of wire homeruns to each room, zone, or area of a home. There are two ways this can be accomplished: pulling each individual cable required separately or pulling in a cable bundle that includes all of the cabling runs required to support the needs of the room, zone, or area.

Using a structured cable bundle eliminates the guesswork of pulling individual cable runs to areas of the home in an attempt to provide future capability to the home. A cable bundle pulled throughout a home provides additional capability and expandability to all areas of a home and can save on installation time.

Some cable bundles are enclosed inside a plastic outer sheathing to facilitate pulling the cable through the walls. Others connect the wires together in a zip wire form and others wrap the bundle with strands of plastic ribbons that can be easily removed to terminate the cables in the bundle at the distribution panel or the room outlets. Figure 1-13 illustrates some of the different cable bundle enclosures available.

Figure 1-13 Examples of bundled cable enclosures

[image: Image]

2+2 Bundled Cabling

A standard cable bundle is the 2+2 cable that includes two runs of UTP Cat 5e cable and two runs of RG6 coaxial cable. Since these four cable runs typically satisfy the distributed system needs of most homes, it is a very popular cable bundle for structured wiring.

2+2+2 Bundled Cabling

Another popular cable bundle, called 2+2+2, adds two runs of fiber optic cable to the 2+2 bundle to provide for even more current capability and future proofing to a home. The two fiber optic cables are multimode strands that can be used for a wide range of current and certainly future applications.

Control Wire Bundles

There are several specialized structured wiring cable bundles, each designed for a specific purpose. Some are variations of the 2+2 bundle with an additional run or UTP or coaxial cable included. However, one special purpose cable bundle is the control wire bundle.

Control wire bundles typically include a single run each of RG59 or RG6 coaxial cable and Cat 5e cable and two runs of 18-gauge stranded wire, which are used to cable keypads, room controls, and intercoms with video and for supplying power.

[image: Image]

Table 1-8 Recommended Structured Wiring Cable Applications

Common Home Automation Wire Types

For reference purposes, Table 1-8 lists some industry designations for common audio and video cable and wire types. There are no industry standards for the colors of the individual wires or the outer sheathing of structured wiring cables. Category UTP wiring (such as Cat 5e) has the same eight wire colors in four matched pairs, but the outer covering of other types of wire is available in a rainbow of colors. For best results, use one color wire or cable for a particular purpose throughout a home and a different color for each specific application. This makes installation and troubleshooting a lot easier. Table 1-8 also includes guidelines on which wiring type is recommended for particular subsystems, including a suggested outer jacket color.

Test the Wiring

After what typically seems like miles of cable and wiring have been pulled into the walls, under the floor, or above the ceiling; the connectors are attached; and the wall plates are mounted, a second round of testing should be performed. Yes, a second round. The first round of continuity and attenuation testing is done immediately after each cable segment is pulled into place. After all of the cabling and wiring has been installed, it’s time to perform a full set of tests.

Even if you are absolutely sure of the quality of your work in attaching the connectors to the cable or wire and the terminations made at the punch down block, you should always test the cable runs again at this point in the process. This is especially true in new construction where a cable can be “nailed” or “screwed” when the drywall is attached to the wall studs.

The testing process includes two steps: a visual inspection and a “buzz-out” of the wire. Of course, a visual inspection must be done either before new walls are completed or from down in the basement or crawl space or up in the attic. You are looking for the obvious: nails or screws piercing the cable or cuts, gashes, bends, kinks, and breaks in the cable.

A buzz-out test of the cabling involves the use of a cable tester, which sends an electrical signal through the cable. Some testers require connectors to work; others use a vibrating electrical noise that is placed on the wire by a transmitting device and, hopefully, detected by a receiving device. This is generally a two-person job, but there are testers available into which you can connect one end of the cable and then use the receiving device at the other end to identify the cable and its continuity. Of course, you labeled all of the cables and documented them on a wire chart during installation, so you shouldn’t need to “find” each cable end as you test, right? Completely test all wiring before beginning the fix-it process, if needed.

For RG6 coaxial cabling, the testing should include tests for shorts, cable length, continuity, and cable termination. For Cat 5e or Cat 6 cables, testers are available that will verify compliance of your wiring runs and terminations to these standards.

[image: Image] CROSS-REFERENCE Chapter 3 covers cable installation and testing in more detail.

Chapter Review

When installing wire and cable in a home, you must be aware of the characteristics and specifications of the cable or wire in use. The most common types of electrical wiring used for home construction today are modern nonmetallic (NM), underground feeder (UF), and zip wire. Some older wire types you may encounter in a home are flexible armored cable, metal conduit, early NM, and knob and tube.

The wire gauge used in a home depends on the number of amperes on a particular circuit. Remember that a smaller gauge means a bigger and less flexible wire. Heavier gauge wire should be used to avoid voltage drops and to overcome heat problems.

Twisted-pair (TP) wiring is by far the most popularly installed media for networking in just about any type of network for many reasons, including that it is inexpensive, easy to handle, and readily available. TP wire, Cat 5, is the de facto standard for both Ethernet and Token Ring networks.

UTP cable carries a variety of rating codes, which are assigned by the product performance and safety authorities and testing laboratories. The primary rating codes for UTP cable are defined by the NEC (National Electric Code), published by the National Fire Protection Association, as CM, CMP, or CMR. Twisted-pair cable is available as shielded twisted pair (STP) and unshielded twisted pair (UTP).

Coaxial cable is constructed of a single inner core wire conductor that is encased in a layer of dielectric insulation, which is then wrapped by a wire mesh outer conductor and shield. A plastic sheathing covers the cable. Coaxial cable is single-ended cable with a single signal path and a single return path. RG6 is the most common coaxial cable installed in homes.

When an audio signal is transmitted, A/V cable stores (voltage) and releases (current) an electrical wave at certain frequencies and amplitudes and is generally combined under the term frequency. An audio/video signal consists of a collection of high-and low-frequency waves. An audio/video releases or passes an audio signal to the next component without slowing down the signal. A cable with the ability to release the signal at the right time is called in-phase.

A balanced audio cable uses both positive and negative carriers with a grounding carrier added. In an unbalanced cable, the grounding signals are combined onto the negative carrier.

Parallel or speaker wire is available in a variety of wire gauges, ranging from 8-gauge on the high end to 24-gauge on the low end.

The primary performance properties of metallic wire are attenuation, cancellation, crosstalk, interference, and inductance.

There are a variety of cables that can be used with video systems. The primary types of video cable are coaxial, component, and composite. Typically, 16-gauge stranded twistedpair wire or 14-to 18-gauge audio cable is used for an average length speaker run.

Structured wiring involves the installation of wire homeruns to each room, zone, or area of a home. Structured wiring can be installed in two ways: pulling each individual cable separately or pulling a cable bundle. A 2+2 cable includes two runs of UTP Cat 5e cable and two runs of RG6 coaxial cable. The 2+2+2 cable adds two runs of fiber optic cable to 2+2 bundle.

Control wire bundles typically include a single run each of RG59 coaxial cable and Cat 5e cable and two runs of 18-gauge stranded wire, which are used to cable keypads, room controls, and intercoms with video and for supplying power.

Questions

1. Which of the following is not a home circuit type?

A. Communication circuits

B. Signal circuits

C. Wireless communication circuits

D. Power-limited circuits

2. What is the term that describes the metallic core of a wire?

A. Armor

B. Conductor

C. Insulator

D. Jacket

3. What is the general name used for common household electric cable?

A. Modern NM/Romex

B. NMC

C. UF

D. Zip wire

4. According to Table 1-2, what wire gauge should be used for a circuit with 30 amperes?

A. 20 AWG

B. 18 AWG

C. 14 AWG

D. 10 AWG

5. When an audio cable is able to release all audio frequencies without adding delay, the cable is said to be

A. Out-of-phase

B. In-sync

C. In-phase

D. Synchronous

6. Which cable type has a single inner core wire conductor and a wire mesh outer conductor?

A. UTP

B. STP

C. Coaxial

D. 16g-4

7. Which type of audio/video cable includes carriers for both positive and negative signals, but also includes a grounding carrier as well?

A. Coaxial

B. Balanced

C. UTP

D. Parallel pair

8. Which cable type resembles a lamp cord?

A. Coaxial

B. Balanced

C. UTP

D. Parallel pair

9. What is the cable property that states the distance at which the signal traveling on a cable begins to weaken?

A. Attenuation

B. Cancellation

C. Crosstalk

D. Interference

10. What is the common used term that describes a bundled cable with two runs of UTP and two runs of coaxial cable?

A. UC cable

B. Structured bundle

C. 2+2

D. 2+2+2

Answers

1. C. Because they are wireless communication circuits, these systems are not part of a house’s wiring structure.

2. B. A conductor has the ability to store and release an electrical current.

3. A. Modern nonmetallic (NM) or Romex cable is the currently accepted standard for general household electrical wiring.

4. D. 10 AWG wire is rated for a 30-amp, 240-volt system.

5. C. The opposite, out-of-phase, is true when a cable releases lower frequencies later than its higher frequencies.

6. C. Both the inner core (positive) and the outer conductor (negative) carry signals in a coaxial cable.

7. B. The balance comes from having conductors for both positive and negative signals and a separate conductor for grounding, but on other cables may be combined onto the negative carrier.

8. D. Parallel pair cable looks very much like a lamp cord and is also referred to as rip cable for the ease with which the two conductors can be separated.

9. A. Attenuation can be overcome with shorter cable runs or a signal extender, such as a repeater.

10. C. 2+2 cable combines two runs of UTP and two runs of coaxial cable into a single cable bundle that is easier to install and provides for future expansion of the home system.


CHAPTER 2
Connector Types and Uses

• Structured wiring connectors

• Specialized connectors

• Cable preparation and connector installation

Connectors are a major part of home technology integration and home automation. Properly installing the right connector on the right cable is very important to the success of a home’s system. Connectors (and their receptacles) create the interfaces that allow electrical signals to flow over the cables between devices. Without them there would be no data, sound, images, or control on the network.

In the structured wiring environment, not that many different types of cable and wiring are used. Typically, the majority of the cabling is twisted-pair (TP) and coaxial, with some quad wire and speaker wire used as required. As a result, the number and types of connectors used is also fairly limited. However, in different applications, you have connector choices based on the type of connection or interface a particular system may require.

This chapter focuses on the connectors commonly used with the cable and wire used in a structured wiring system and the processes used for their installation.

Connector Terminology

There is a definite set of terms used to specify, describe, and name connectors. Some of these terms represent the name of the standards authority that defined a certain connector; others are shorthand or abbreviations for technical terms; and still others are names that describe the shape, use, or application of a connector or are names that have just caught on.

Here is a list of terms common to just about all connectors that describes parts and components of connectors in general:

• Backboard A plywood panel mounted on the wall of a telecom or distribution where a cross-connect device is mounted.

• Connector A device that allows electrical signals to flow from one wire or cable to another.

Figure 2-1 Examples of female (right) and male (left) DB-9 connectors

[image: Image]

• DB-n connector Also called D-shell connector; this type of connector facilitates parallel signal transfers. The housing is D-shaped and contains either a male or female plug. The n in DB-n represents the number of pins or contacts (male or female) in the connector. For example, a DB-9 connector has nine pins or contacts and a DB-25 has 25 pins or contacts. Figure 2-1 shows an example of a data bus (DB) connector.

• Female A type of connector plug that has pin receptacles in its housing (see Figure 2-2).

• Male A type of connector plug that has one or more pins extending from its housing (see Figure 2-2).

• Mass termination Although gruesome sounding, this means that all of the wires in a cable are terminated into a connector in a single operation.

• Molded cable A cable assembly that has molded connectors terminating one or both of its ends. Figures 2-2 and 2-3 show molded cables.

Figure 2-2 Examples of connectors with male (right) and female (left) contacts.

[image: Image]

[image: Image]

Figure 2-3 An example of a molded cable

• Plug A male connector housing with either male or female contacts.

• Receptacle A female connector housing with either male or female contacts.

• Strain relief A molded sleeve or a clamping device that is either incorporated into the connector body or can be attached during termination. This device provides mechanical support to ensure the cable and wires are not pulled out of the connector and the contacts are not broken during installation, handling, or from the weight of the cable itself (see Figure 2-4).

Figure 2-4 The strain relief on a molded audio cable

[image: Image]

[image: Image] CROSS-REFERENCE The glossary in Appendix B of this book contains additional connector, cable, and wiring terms, and their meanings.

Power Connectors

When installing some systems in a home technology project, it may be necessary to connect to the AC power system. As a part of this activity, you may need to use one or more power connectors.

The basic types of power connectors are

• Lug Also called a compression lug, this connector is attached to the end of a power cable. When used with stranded wire, a lug is crimped onto the wire; when used with solid core wire, the lug should be soldered to the wire. Lugs come in a variety of types: single-hole or dual-hole flat connectors, ring connectors, forked connectors, and spade connectors. Figure 2-5 shows a selection of a variety of lug connectors. Lugs have different ratings for use with different wire sizes and some require specialized crimping tools.

[image: Image]

Figure 2-5 Single-hole and dual-hole lug connectors

Figure 2-6 A standard three-contact U.S. electrical plug

[image: Image]

• Plug As shown in Figure 2-6, the standard three-contact electrical plug is commonly attached to the power cord of virtually all electrical appliances, control systems, and power supplies in North America. Lamps and other low-voltage devices use only a two-contact plug. There are several types of electrical plugs used in the United States, with different plugs used for different applications. Around the world, electrical plug patterns, shapes, and sizes vary by country and region (see the next section, “Electrical Plugs”).

• Receptacle A device with female contacts that makes an electrical contact with an inserted plug.

• Terminal strip Not to be confused with a plug strip, a terminal strip is used to make multiple connections by either soldering a wire to a contact, connecting with a lug style connector, or connecting with a screw terminal. Figure 2-7 shows an example of a solder terminal strip. Terminal strips are used in a variety of systems, including AC and DC power and telecom cabling.

Figure 2-7 A terminal strip on which connecting wires are anchored with set screws
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Figure 2-8 A sampling of the different electrical plugs used around the world
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Electrical Plugs

As I discussed in the preceding section, electrical plugs vary from country to country, depending on the electrical system in use. Figure 2-8 illustrates some of the various types of plugs used throughout the world. In the United States and Canada, Type A and B plugs are used. Table 2-1 lists the power characteristics and electrical plugs used in a sample of other countries.


	Country
	Voltage
	Frequency
	Plug Type


	Australia
	230V
	50 Hz
	I


	China
	220V
	50 Hz
	A and I


	Colombia
	110V
	60 Hz
	A and B


	Czech Republic
	230V
	50 Hz
	E


	Denmark
	220V
	50 Hz
	C and K


	Egypt
	220V
	50 Hz
	C


	France
	230V
	50 Hz
	E


	Germany
	230V
	50 Hz
	C


	India
	240V
	50 Hz
	C and D


	Ireland
	230V
	50 Hz
	E


	Japan
	100V
	50/60 Hz
	A and B


	Mexico
	127V
	60 Hz
	A


	Russian Federation
	220V
	50 Hz
	C


	Sweden
	220V
	50 Hz
	C




Table 2-1 Electrical Characteristics and Electrical Plugs in Use Around the World

Coaxial Cable Connectors

A wide variety of coaxial cables are available, but in a structured wiring system, the primary coaxial cable types used are RG6 and RG59 (“RG” stands for Radio Guide).

F-Type Connectors

The F-type connector is the most commonly used connector for home systems that apply coaxial cabling. F-type connectors are available as either a screw-on or a crimp-on type connector.

F-Type Twist-On Connectors

To terminate a coaxial cable with a crimp-on F-type connector (see Figure 2-9), use the following steps:

1. Use a knife to cut around the plastic outer layer about 1 inch (25 millimeters) from the end of the cable. Take care not to cut the mesh or braided copper shielding under the outer jacket of the cable. Remove the cutaway outer covering and separate wires of the braided shielding so that they can be twisted together to create a “pigtail.”

2. After removing the braided shielding, a metal foil layer should be exposed. Cut off the exposed portion of the foil shielding.

3. Use a knife to cut off the white dielectric material, leaving about 1/8 inch (3 mm) of the dielectric material extending out onto the center core to serve as an insulator that prevents the metallic braided pigtail from making contact with the center conductor. Be careful not to cut into or through the center conductor wire.

4. Pull the shielding pigtail back over the uncut portion of the cable’s outer jacket and twist or screw the F-type connector plug over the cable end as far as it can go. The sleeve of the connector should also cover a portion of the pigtail, trapping it against the outside of the cable. Cut off any exposed portion of the pigtail.

5. Use wire cutters to cut the end of the exposed center conductor wire at a 45-degree angle, leaving about 1/8 inch (3 mm) extending beyond the end of the F-type jack body. Be careful when handling the terminated cable and jack; the end of the center wire should be a very sharp point.

Figure 2-9 An F-type twist-on connector for coaxial cabling

[image: Image]

[image: Image] NOTE If the F-type connector is to be used outside the home, such as to an antenna or satellite dish, it must be sealed to prevent water from getting inside the cable or connector body. The recommended way to seal the cable against water seepage is to wrap the connector sleeve and a portion of the cable with waterproofing or self-amalgamating tape.

F-Type Crimp-On Connectors

Some technicians believe that a crimp-on style F-type connector (see Figure 2-10) provides a tighter and more secure connection. To terminate a coaxial cable with a crimp-on F-type connector, follow these steps:

1. Use a knife to cut away about 3/8 inch (9.5 mm) of the cable’s outer covering, exposing the braided metal shielding. Be careful not to cut the braided shielding.

2. Fold the braided shielding back over the outer jacket of the cable.

3. Cut away the metal foil shielding and cut the white dielectric material so that only 1/4 inch (6.3 mm) of the dielectric material is exposed (and 1/8 inch of the center conductor wire is exposed). Take care not to nick, cut, or ding the center conductor wire when cutting the dielectric material. Clean away any dielectric material dust or fuzz that may be on the center wire.

4. Slide the crimp ring over the folded back, braided metal shielding and over the cable’s outer jacket.

5. Check the exposed edge of the foil shielding that was cut away earlier and ensure that it is lying flat against the dielectric material under the edge of the outer jacket. If any burrs or flags are sticking up, they need to be smoothed down by twisting them flat against the dielectric material.

6. Push the connector sleeve (mandrel) back under the uncut portion of the cable so that the mandrel is placed between the braided shielding and the foil shielding inside the uncut cable.

7. Slide the crimp ring towards the stripped end of the cable so that it fits over the mandrel inside the cable.

8. Use a coaxial crimping tool to secure the connector to the cable.

Coaxial Cable Strippers and Crimpers

When working with coaxial cable, or any cable or wire for that matter, it’s best to use tools specifically designed for use with that particular cable type. Several specialized tools are available for stripping and terminating coaxial cable. However, not every tool is designed to work with every type of coaxial cable, so you need to be sure that your tools are specifically designed for RG58, RG59, or RG6, depending on which coaxial cable you are installing.

Figure 2-10 An F-type crimp-on connector for coaxial cabling

[image: Image]

Figure 2-11 A handheld coaxial cable stripper

[image: Image]

Strippers Coaxial cable strippers are designed to cut through the outer jacket and dielectric layers of a cable, leaving the proper amount of conductor wire for installing any of the various coaxial cable connectors. Figures 2-11 and 2-12 show the two most common types of coaxial cable strippers. Remember that cable strippers are specified to a certain cable type, so be sure you match the tool to the cable and the task.

Figure 2-12 A pliers-type coaxial cable stripper

[image: Image]

Figure 2-13 A coaxial cable F-type crimping tool

[image: Image]

Coaxial Cable Crimpers Crimpers are used to clamp a metal connector to a cable. Coaxial cable crimp-on connectors require the use of a crimper tool, but not just any crimper. Crimpers are typically designed to work with a specific type of cable and, in many cases, a special type of connector. Typically, when you are working with coaxial cabling in a home system, the crimper you use is a specialized coaxial cable F-type connector crimper like the one shown in Figure 2-13.

Coaxial Cable Termination Kits Several cable and connector vendors have prepared connector kits for use with coaxial cable. A typical kit includes all of the pieces and tools commonly needed to terminate coaxial cable in a home system, including a number of professional grade F-type plugs, a coaxial cable stripping tool, an F-type connector crimping tool, and a small tone testing device. In most cases, the tools are specialized for either RG59 or RG6 cable.

BNC Connector

Another type of coaxial connector that could be used in a residential system on RG58 and RG6 cable in data networking and some audio/visual applications is the Bayonet Neill Concellman (BNC) connector. The male portion (plug) of a BNC connector has a bayonet-like shell with two small pins that fit into spiral slots located on the female portion (receptacle) of the connector. The plug is inserted into the receptacle and twisted into a locked position.

There are two styles of BNC connectors: a BNC-T connector and a BNC barrel connector. The BNC-T connector is commonly used for Ethernet data networks to interconnect a computer’s network adapter to the coaxial cable. However, a BNC barrel connector can also be used with some network adapters. When used with video and community antenna television (CATV, which is better known as cable TV) systems, the barrel style connector is the most common. Figure 2-14 shows a BNC-T connector and Figure 2-15 shows a barrel-style BNC connector.

Figure 2-14 A BNC-T connector assembly

[image: Image]

Figure 2-15 A BNC barrel connector
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Twisted-Pair Cable Connectors

Depending on the application, Category (Cat) 3, 5, 5e, 6, or higher twisted-pair cable use one of the following modular registered jack (RJ) connectors:

• RJ-11 This is the standard two- or four-conductor telephone connector used to connect telephone handsets to telephone outlets. Figure 2-16 shows an RJ-11 plug.

• RJ-31x This is the connection type used to interface a security system into a home’s telephone system. Figure 2-17 shows an RJ-31x modular jack.

• RJ-45 This is the standard twisted-pair connector used for data networking. Figure 2-18 shows an RJ-45 connector.

Figure 2-16 An RJ-11 plug
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Figure 2-17 An RJ-31x modular jack

[image: Image]

Figure 2-18 An RJ-45 plug

[image: Image]

[image: Image] NOTE RJ connectors are also called keystone connectors because of the shape of their plugs and jacks.

The jack and plug of a registered jack conforms to the standards specified in the Universal Service Order Code (USOC), published by the U.S. Federal Communications Commission (FCC). The USOC specifies the standard telephone and data communications jacks and plugs used in the U.S. Table 2-2 lists the most common USOC jacks. Although the standard refers mostly to jacks, it also includes the plugs that fit the jacks.

[image: Image] NOTE The registered jacks listed in Table 2-2 commonly include a suffix of C, W, or X. The C refers to desk sets; the W refers to wall sets; and the X refers to special-purpose jacks. This suffix refers to the type of connection and equipment for which each jack is most commonly used.

Wiring RJ-11 Jacks and Plugs

To attach an RJ-11 jack or plug to a run of twisted-pair wiring, the first thing you must know is how many lines the jack will be supporting. If the jack and plug are being used to connect a single telephone line, then only two conductors are needed to make the connection; however, it is always best to connect four or more conductors to provide for expansion of the telephone system in the future. As listed in Table 2-2, two-line connections use four conductors (which is technically an RJ-14 configuration) and three-line connections use six conductors (RJ-25).


	Registered Jack
	Contacts
	Conductors Used
	Usage


	RJ-11
	6
	2
	Single-line telephone


	RJ-12
	6
	4
	Single-line telephone on key system


	RJ-13
	6
	6
	Single-line telephone on key system


	RJ-14
	6
	4
	Two-line telephones


	RJ-15
	3
	3
	Single-line weatherproof telephone connections


	RJ-17
	6
	2
	Medical equipment


	RJ-21x
	50
	50
	Amphenol connector for 25-pair 66-style punch-down blocks


	RJ-22
	4
	4
	Telephone handset connector


	RJ-25
	6
	6
	Three-line telephones


	RJ-31x
	8
	4 or 6
	Security system to telephone interface


	RJ-45
	8
	4 or 8
	Data networking connector


	RJ-48
	8
	4 or 8
	T-1 networking connections


	RJ-61x
	8
	8
	Eight-conductor version of RJ-45




Table 2-2 Common USOC Registered Jacks

Figure 2-19 The wiring diagram for an RJ-11 connector

[image: Image]

The reason each line requires two conductors is that two contacts are required for telephone communications. These two lines, which are referred to as tip and ring are the modern-day equivalents of the plugs used by switchboard operators years ago. When the operator inserted the plug into the jack to complete a circuit between an incoming call and a telephone in her office or building, the tip of the plug completed one loop and the metal ring around the shaft of the plug completed the other, linking the incoming circuit to a particular line and handset.

To terminate twisted-pair wire in an RJ-11 configuration, one wire pair (typically the blue and white-blue) is connected to the center two contacts (pins) 3 and 4 of the jack and plug, as illustrated in Figure 2-19.

Most RJ-11 jacks and plugs use a 66-type punch-down receptacle, which is also called an insulation displacement connector (IDC). Each of a cable’s wires is inserted using a punch-down or impact tool fitted with a 66-type blade (see Figure 2-20). The punch-down tool pushes an individual wire into an IDC slot and, in the process, pierces the wire’s insulation and places the core wire in contact with the IDC’s tines.

Figure 2-20 A punch-down (impact) tool is used to install wire in an IDC.

[image: Image]

[image: Image] NOTE The 66-type punch-down blade is used for telephone and other voice connections. If data networking connections use an IDC-type connector, they use a 110-type punch-down blade. Some manufacturers now make a combination 66/110 blade.

RJ-11 jacks and plugs can also be attached to twisted-pair wiring using a crimper with the proper attachments. After the appropriate wires are placed into the slots corresponding to the proper pins on the jack or plug, the crimper is used to cinch clasping material on the connector to hold the wire in place. Figure 2-21 shows a twisted-pair wiring crimping tool.

Wiring RJ-31x Jacks and Plugs

An RJ-31x jack can be connected to one of the outside phone lines of a home and optionally to the home’s inside phone lines. It seizes an outgoing phone line, alerting the monitoring station when there is a security event. If you wish to allow the security system to seize more than one line to prevent interruptions, separate RJ-31x jacks can be connected to each of the inside phone lines.

[image: Image]

Figure 2-21 A crimping tool is used to attach RJ jacks and plugs to a cable.


	Wire

	Source

	Inside Phone Line #1

	Inside Phone Line #1

	Outside Phone Line #2

	Outside Phone Line #2


	White (TP)
	Jack
	Tip
	 
	 
	 


	Blue (TP)
	Jack
	Ring
	 
	 
	 


	White-Blue (TP)
	Internal wiring
	 
	Tip
	 


	Blue (TP)
	Internal wiring
	 
	Ring
	 
	 


	Red (Quad)
	Telco central office (CO)
	 
	 
	Tip
	 


	Green (Quad)
	CO
	 
	 
	Ring
	 


	Red (Quad)
	Jack
	 
	 
	 
	Tip


	Green (Quad)
	Jack
	 
	 
	 
	Ring




Table 2-3 RJ-31x Wire Connections

If the RJ-31x is only being connected to the outside lines, then only two of its conductors need be connected. However, if one inside line is to be made available for line seizure by the security system, two additional conductors are connected for that line. If more than one inside line is to be connected to the security system, multiple RJ-31x jacks are required.

RJ-31x jacks have a small 66-type punch-down block inside the housing of the jack. Punch-down blocks make it easy to connect inside lines to outside lines. Assuming an RJ-31x jack has eight inside IDCs and eight outside IDCs in the punch-down block, Table 2-3 lists the configuration of the punch-down to connect the jack to the telephone lines, and Figure 2-22 illustrates this connection.

[image: Image]

Figure 2-22 A wiring diagram for a single telephone line in an RJ-31x jack

Figure 2-23 The EIA/TIA 568A specification for an RJ-45 connector

[image: Image]

Wiring RJ-45 Jacks and Plugs

The RJ-45 jacks and plugs are the standards for terminating twisted-pair cable used for data networks. However, these connectors are more commonly known by the networking standards (EIA/TIA 568A and 568B) that are used to configure the jack and plug connections. While RJ-45 describes the USOC jack and plug used to make the connections in a data network, other standards are used to describe the actual wiring of the jack and plug.

Twisted-pair Wire Color

In a standard four-pair unshielded twisted-pair (UTP) cable (Cat 5, Cat 5e, Cat 6, and Cat 7), each pair of wires shares a base color. As shown in Figures 2-23 and 2-24, the base colors are orange, blue, green, and brown. One of the wires in each pair has a solid color jacket and one has a jacket with a color strip alternating with a white strip.

Figure 2-24 The EIA/TIA 568B specification for an RJ-45 connector

[image: Image]

The color coding on the wires provides you with end-to-end consistency when you are terminating a cable with connectors. If the wires were all one color, it would be easy to get your wires crossed.

Installing an RJ-45 plug on a UTP cable is a matter of orientation and color. Orienting the plug to receive the cable wires consists of turning the plug so that the locking tab, or what the Telco people call the “hook,” is on the bottom and the open end of the connector is towards you.

With the plug in this position, Pin 1 is located on the left side and Pin 8 is located on the right side. It’s important to know where Pin 1 is located so that the correct wires are inserted into the correct pins.

Most quality jacks are color-coded on their IDC contacts or if the jack is a crimp-on type, on a bar located above the pin contacts. On a punch-down block, looking at the jack from the front, Pin 1 is indicated with the number 1 and on a crimp-style jack, Pin 1 is on the far-left side, and Pin 8 is on the far-right side.

Twisted-pair Wiring Standards

The two wiring standards used to define how twisted-pair cable is attached to an RJ-45 jack or plug are Electronics Industry Association/Telecommunications Industry Association (EIA/TIA) 568A and 568B.

The primary difference between these two cable standards is the sequence and placement of the green and orange wire pairs on the plug or receptacle. Actually, for a computer network installation, there is no difference in performance between the two standards because the color of a wire’s jacket has no bearing on the signal being transmitted. However, if the cable is intended to carry both data and voice (telephone) traffic, the 568A standard (Figure 2-25) is backward compatible with the older USOC telephone standards; EIA/TIA 568B (Figure 2-26) doesn’t support voice signals.

Figure 2-25 The EIA/TIA 568A cable termination standard for twisted-pair cable also supports voice signals.

[image: Image]

Figure 2-26 The EIA/TIA 568B cable termination standard for twisted-pair cable

[image: Image]

[image: Image] NOTE Although 568B has been the most commonly used of the two 568 standards, especially in commercial installations in the United States, most technical and trade organizations generally agree that all future installations should use the 568A configuration to avoid problems with integrated voice and data systems in the future.

Twisted-pair EIA/TIA 568 Pinouts

When you install an RJ-45 jack or plug on the end of a UTP cable, it is very important that you match the correct pin to the correct wire color. However, beyond the differences between 568A and 568B, there are also variations in the pinout (which pin is connected to which wire) patterns used for the different types of connections made between different types of hardware. The pattern you use depends on the requirements of the equipment to which the cable is to be attached. Table 2-4 lists the types of wiring patterns used in common network situations.

The pinout patterns listed in Table 2-4 are discussed in the following sections.

Table 2-4 Pinout Patterns for Different Connection Types


	Connection Type
	Pattern


	Computer-to-hub/hub-to-computer
	Straight-through


	Computer-to-computer
	Cross-connect (crossover)


	Computer-to-Internet gateway
	Cross-connect (crossover)




Table 2-5 The Pinout for a Straight-Through EIA/TIA 568A Connection


	Pin
	Wire Color


	1
	White-green


	2
	Green


	3
	White-orange


	4
	Blue


	5
	White-blue


	6
	Orange


	7
	White-brown


	8
	Brown




Straight-Through Pinout A straight-through pinout on an RJ-45 connector matches the same color wires on both the plug and the receptacle. In other words, the orange, blue, green, and brown wires on the plug match up with and connect to the orange, blue, green, and brown wires on the receptacle. Tables 2-5 and 2-6 list the pinouts for straight-through EIA/TIA 568A and EIA/TIA 568B connections, respectively. Figures 2-25 and 2-26 showed these two configurations.

Cross-Connect/Crossover Pinout Cross-connect connector configuration is used when the cable is installed between a computer (actually, the computer’s network adapter) and a network hub. The 568A and 568B crossover patterns reverse two of the wire pairs to connect the transmit pins at one end of the cable to the receive pins at the other end. Tables 2-7 and 2-8 list the pinouts for the jacks and plugs at each end of a cross-connect or crossover connection for EIA/TIA 568A and 568B, respectively, and Figures 2-27 and 2-28 illustrate these wiring patterns.

Table 2-6 The Pinout for a Straight-Through EIA/TIA 568B Connection


	Pin
	Wire Color


	1
	White-orange


	2
	Orange


	3
	White-green


	4
	Blue


	5
	White-blue


	6
	Green


	7
	White-brown


	8
	Brown




Table 2-7 The Pinout for an EIA/TIA 568A Crossover Connection


	Connector A Pin
	Wire Color
	Connector B Pin


	1
	White-green
	3


	2
	Green
	6


	3
	White-orange
	1


	4
	Blue
	7


	5
	White-blue
	8


	6
	Orange
	2


	7
	White-brown
	4


	8
	Brown
	5




Table 2-8 The Pinout for an EIA/TIA 568B Crossover Connection


	Connector A Pin
	Wire Color
	Connector B Pin


	1
	White-orange
	3


	2
	Orange
	6


	3
	White-green
	1


	4
	Blue
	7


	5
	White-blue
	8


	6
	Green
	2


	7
	White-brown
	4


	8
	Brown
	5




[image: Image]

Figure 2-27 A diagram of the pinout for an EIA/TIA 568A crossover connection

[image: Image]

Figure 2-28 A diagram of the pinout for an EIA/TIA 568B crossover connection

Attaching an RJ-45 Connector

To attach an RJ-45 plug to a UTP cable, follow these steps:

1. Strip away about 1.25 inches of the outer jacket of the UTP cable. Use a Cat X (the X represents Cat 3 and above) cable stripper, if one’s available. The cable sheathing should not be stripped more than 1.25 inches from the connection end of the cable, and one inch is best.

2. Untwist the exposed wire pairs, but avoid untwisting the wires at the end of the jacket. UTP wire should not be untwisted more than 0.5 inch, and 0.375 inch is best.

3. Arrange the wires in a flat row in the order that matches the pinout pattern for the cable purpose (see the preceding sections). For example, for a straight-through connector, arrange the wires left to right as white-green, green, white-orange, blue, white-blue, orange, white-brown, and brown.

4. Use wire-cutters to trim the length of the wires to 0.5 inch. There is no need to strip the individual wires.

5. Insert the wires into the RJ-45 plug, ensuring that the wires remain in the required pattern.

6. Use an RJ-45 crimping tool (refer back to Figure 2-21) to push the gold insulation displacement contacts into contact with the wires. The crimper also pushes down a hinged tab that presses against the insulation of the wire to hold it into the plug and create a strain relief. Some crimper tools, when used with special connectors, also cut the wires extending beyond the other side of the connector.

[image: Image] NOTE Actually, you can buy UTP cables with RJ-45 connectors attached. This can be very expensive for longer run cables. However, it is a good option for patch cords and cables.

Punch-downs and IDC Connectors

In many networking situations, centralizing the network resources provides for better control, maintenance, and security. Not all home networks are large enough to require centralization, but in a larger home with several networked subsystems, having the servers, controllers, and source devices in a central location is generally a good idea.

Using a central wiring closet or panel simplifies network maintenance, troubleshooting, and expansion. The central wiring panel terminates all of the network cabling and provides an interface for all of the controlling devices to the entire home automation network as is needed.

For the twisted-pair cable part of a home network, a patch panel can be used as the clustering device. A patch panel looks, and in many ways functions, like the old operator-controlled telephone switchboards (see Figure 2-29). Cable homeruns terminate to the back of the patch panel using IDC contacts. A patch cord is then used to connect each run to the next upstream device as appropriate. For example, the patch panel can interconnect a networked computer to a network switch that supports both voice and data services.

Figure 2-29 A patch panel with RJ-45 jacks

[image: Image]

The two most common types of IDC contacts are the 66 block and the 110 block. The 66 block is used primarily in telephone and voice system connections. The 110 is used for data networks. The wires of the twisted-pair cable are pressed into the IDC contacts using a punch-down tool, shown earlier in Figure 2-20.

Fiber Optic Connectors

Fiber optic cable is included in several types of structured wiring cable bundles and often installed in homes for two reasons: for its speed and bandwidth and to future-proof the home. Few home system devices currently exist that connect to fiber optic cable.

Fiber optic cable is terminated using one of three general types of connectors:

• Interface connectors Connectors that connect a fiber optic cable to a networking device

• Inline connectors Connectors that mates two glass or plastic fibers from separate cable runs to form a temporary joint

• Splices Connectors that create a permanent joint between two fiber optic cable runs

In each of these connections, the termination must use an approved connector that is properly installed to minimize light loss and protect the cable from dirt or being damaged. More than 75 different interface and inline connectors are available on the market that can be installed in several different ways, but luckily only a few are commonly used in most residential applications. And fortunately, there are only two ways to splice a cable.

As discussed in Chapter 1, fiber optic cable is single-mode or multimode,. Different connectors and splicing methods are used for each type of fiber optic cable. When connecting or splicing fiber optic cable, you must first know which type of cable you are working with. The standard for fiber optic cabling and connectors is ANSI/EIA/TIA 568A and 568B.

Fiber Optic Connector Basics

The two basic types of fiber optic connectors are butt-jointed and expanded-beam connectors.

Butt-jointed connectors align two prepared fiber ends into very close proximity or in contact with one another. There are two types of butt-jointed connectors: ferrule and biconical.

• Ferrule connectors This type of butt-jointed fiber optic connector uses two cylindrical ceramic plugs (called ferrules) and an alignment sleeve. The exposed and prepared fiber strand is inserted into precision holes through the center of each ferrule, which aligns it properly. The quality of this type of connection is dependent on how accurately the center holes of each ferrule are in alignment. Epoxy resin adhesive is used to permanently hold the fiber strand in the ferrule. The ends of the fiber strands must be polished so that they are flush with the end of the ferrule to prevent light loss in the connection. The ferrules are inserted into the alignment sleeve, which by aligning the ferrules, aligns the fiber strands. This is the method used for straight tip (ST) connectors.

• Biconical connectors This type of butt-jointed connector uses two coneshaped plugs that are inserted into a double cone-shaped alignment sleeve. Springs in each plug provide the tension that joins the two fiber strands. Epoxy resin is used to secure the plugs into the alignment sleeve. A threaded outer shell is then used to lock in the alignment of the fibers.

Expanded-beam connectors use lenses to expand and refocus light from one fiber to another. Like butt-jointed connectors, expanded-beam connectors are made up of two plugs and a coupling alignment device.

Fiber Optic Connectors

When choosing a fiber optic connector for residential structured wiring, there are four criteria to consider:

• Availability Is the connector a standard connector and will it be readily available for future expansion or repair work?

• Compatibility Is the connector compatible with the bridging and source equipment?

• Tools Are special tools required to install or test the connector?

• Reliability Is the connector reliable and subject to certain environmental conditions?

[image: Image] NOTE Of the connectors listed in this section, the ST connector is considered to be the most reliable, available, and compatible of the fiber optic connectors.

The most common fiber optic connectors that should be used in a residential situation are

• SC This connector, shown in Figure 2-30, is a push-pull snap on and off connector. It is very similar to audio and video connectors in that it is small enough to allow multiple connectors to connect into a patch panel or other networking devices. SC (568SC) is the connector currently specified by EIA/TIA 568 for both single-mode and multimode fiber cable.

• Straight tip (ST) The ST connector (see Figure 2-31) was the original standard for fiber optic connections, but is no longer recommended by TIA for new installations. It has been replaced by the SC (568SC) connector in the current standards.

Figure 2-30 An SC fiber optic plug

[image: Image]

• Lucent connector (LC) The LC connector (see Figure 2-32) looks just like an SC connector but is one-half its size. The size of the LC is based on the size of the RJ-45 connector and is designated as a small form factor (SFF) connector for fiber optic cable.

• Face contact (FC) The FC connector (see Figure 2-33) uses a threaded plug and sockets to create a secure connection.

• SMA The SMA connector uses a threaded plug and socket that is the first connector standardized in the industry. (See Figure 2-34.)

• Physical contact (PC) PC describes the end-face polishing used in a connector. The most common of the PC connectors is the FC/PC. A variation of PC is the angled polished connector (APC).

• MT-RJ A small form factor two-fiber connector, the MT-RJ connector (see Figure 2-35) is based on the form and size of the RJ-45 connector, which accounts for the RJ in its name.

Figure 2-31 An ST fiber optic plug

[image: Image]

Figure 2-32 LC fiber optic connectors

[image: Image]

Figure 2-33 FC fiber optic connectors

[image: Image]

Figure 2-34 An SMA fiber optic connector

[image: Image]

Figure 2-35 An MT-RJ fiber optic connector

[image: Image]

[image: Image] NOTE I’ve tried to provide a definition for the acronyms or abbreviations used for the different fiber optic connectors. However, some definitions, such as MT and SMA, are lost to history, assuming that they existed at some point.

Fiber Optic Cable Preparation

For fiber optic connections to be secure, the fiber strands must be cleaned before they are mated. Even at the size of a fiber optic strand, dust particles can cause up to 1 dB of signal loss if the cable ends aren’t properly cleaned. Dust can be easily removed from the cable and its glass or plastic strands with a blast from a can of compressed air.

Any time a cable connection is unmated (disconnected), a rubber or plastic boot should be immediately placed over the ends of the cable or its ferrule to prevent dust from contaminating the cable end.

In addition to removing any dust from the end of the cable, the cable end should also be cleaned using a lint-free cloth or tissue, denatured alcohol, and canned dry air. Saturate the cloth or tissue in alcohol and use it to clean the sides of the connector ferrule. Immediately after cleaning, make the connection. Use the compressed air to clean the outside of the connector housing and receiver ports, if any.

[image: Image] NOTE Here’s a very important safety tip: Never look directly into the end of a fiber optic strand. It only takes milliseconds for the intense light in the cable to damage your eye permanently. You should also never touch the end of a fiber strand, but this has more to do with cleanliness.

Stripping a Fiber Optic Cable

To strip a fiber optic cable, you should perform these steps:

1. Remove the outer jacket of the cable using an electrical stripping tool.

2. Use a knife or scissors to remove the Kevlar (the same stuff used in bullet-proof vests) strength member. Avoid cutting too deeply into the buffer, coating, and sealing layers around the glass or plastic fiber strand.

3. Carefully remove the buffer, coating, and sealing layers around the fiber strand using a special fiber stripper tool to avoid creating surface flaws or scratches, which could cause the cable to fail.

Figure 2-36 shows the construction of a fiber optic cable and the layers you must carefully cut through to strip a fiber cable.

Each fiber optic connector has a unique and required process when it comes to installing the components of the connector. Follow the manufacturer’s instructions to the letter to ensure a proper connection that minimizes light loss.

Figure 2-36 The construction of a fiber optic cable

[image: Image]

Fiber Optic Connector Standards

Like twisted-pair cabling, the standard for cabling and connectors for fiber optic cabling is defined in American National Standards Institute/Electronics Industry Association/Telecommunications Industry Association (ANSI/EIA/TIA) 568A, and in a new section for the ANSI/EIA/TIA 568B standard recently released. At present, the 568A standard specifies the SC connector as the 568SC connector, but TIA has published a standard called the Fiber-Optic Cable Intermatability Standard (FOCIS) that recognizes, among others, the fiber optic connectors, listed in Table 2-9 with their standard commercial names.

Computer Data and Cable Connectors

In addition to the RJ connectors I described earlier in the chapter, personal computers (PCs) use a variety of other connectors. These connectors are used to connect to peripheral and other devices, such as printers, scanners, and the like.

Three basic types of physical connectors are most commonly used with PCs:

• Data bus (DB) series connectors

• Universal Serial Bus (USB) connectors

• Institute of Electrical and Electronic Engineers (IEEE)-1394 connectors

Table 2-9 FOCIS Fiber Optic Connectors



	Connector Type

	FOCIS Designation




	FC

	FOCIS-4




	SC

	FOCIS-3




	SMA

	FOCIS-1




	ST

	FOCIS-2





Figure 2-37 Serial data is transmitted one bit at a time over a single line (bottom), and parallel data is transmitted as bit streams on multiple parallel lines (top).

[image: Image]

Serial versus Parallel

External connections made to a PC use either serial or parallel data transmission modes. Serial transmissions transfer data one bit at a time in series using a form of single-file transmission over a single transmission line. Parallel transmissions transfer data in waves that are made up of several parallel bits moving on separate transmission lines. Figure 2-37 illustrates the basic difference between these two transmission modes.

DB Series Connectors

As I defined earlier in the chapter, a DB connector is a computer and device connector that transfers data between two serial or parallel interface devices. Typically, the number of pins available in its plug and the matching number of receptacles in its jack are used to specify a DB connector. For example, a DB-25 connector (see Figure 2-1 earlier in the chapter) has 25 pins and 25 receptacles in its plug and jack, respectively. Likewise, a DB-9 connector has nine pins and receptacles.

USB Connectors

The USB provides a high-speed data bus that provides an easy way to connect peripheral devices to a PC. A USB port supports data transfer at speeds of 12 million bits per second (Mbps), which is much faster than the interface available on a standard serial port. USB ports are standard to most new PCs. Figure 2-38 illustrates a USB connection being made on a PC.

The USB Implementers Forum (USB-IF), which is an industry standards group that includes such companies as Apple, Hewlett-Packard, Intel, Microsoft, and NEC, publishes a standard that currently includes three data transmission rates:

Figure 2-38 A USB plug being inserted into a USB jack on a PC

[image: Image]

• USB 1.0 (Low Speed) This standard has a data rate of 1.5 Mbps, which is about 192 Kilobytes per second (Kbps) and is used primarily for human interface devices (HID), such as keyboards and mice.

• USB 1.1 (Full Speed) This standard has a data rate of 12 Mbps (or 1.5 Megabytes per second [MBps]) and is the default standard used on many devices.

• USB 2.0 (Hi-Speed) This standard has a data rate of 480 Mbps (60 Mbps).

There are two types of USB connectors (see Figure 2-39). These connectors, which are commonly referred to as Mini-A (Type A) and Mini-B (Type B) connectors are found on PCs and some device interfaces. Type A connectors are most commonly found on devices that connect directly to a PC or hub, and Type B connectors are used at the device end of peripheral devices that connect to a PC over a USB connection.

In addition to the Type A and Type B USB connectors, shown in Figure 2-39, new USB connectors are emerging. The latest of the USB connectors is the Micro-USB that was introduced in early 2007 by the USB-IF for use in smaller devices, such as personal digital assistants (PDAs), mobile phones, and digital cameras. Where the Mini-A connector is about 4 mm in height and about 12 mm in width, the Micro-A connector is about 7 mm by 8 mm.

Figure 2-39 USB cables can have Type A connectors (left) or Type B connectors (right), or both.

[image: Image]

Figure 2-40 IEEE 1394 plugs: 4-pin connector (left) and 6-pin connector (right)

[image: Image]

IEEE 1394 Connectors

IEEE 1394 connectors are more commonly known by the brand or model names given to them by manufacturers. Perhaps the best known commercial names for IEEE 1394 connections are FireWire, which is the name used by Apple Computer, and i.Link, the name used by the Sony Corporation.

IEEE 1394 transfers data in speeds up to 800 Mbps and a single 1394 port can support up to 63 additional external devices. IEEE 1394 uses a transfer technology that is similar to USB, but these two data bus technologies are more complementary than competitive. The connectors for IEEE 1394 are also similar to the USB connectors (see Figure 2-40) and, like USB, IEEE 1394 is hot swappable, which means it can be connected and disconnected from the PC without shutting down the PC.

The IEEE 1394AA standard defines two connectors: a four-and six-pin connector (also called FireWire 400). The 1394A standard supports three transfer modes (S100, S200, and S400) that have data transfer rates of 100, 200, and 400 Mbps, respectively. The IEEE 1394A specification limits the cable segment length of the six-pin connector to 15 feet, but 16 cables can be connected in series using hubs or repeaters to a total cable length of 72 meters (about 236 feet). The primary difference between the 4-pin and 6-pin versions of the 1394A connector is that the 6-pin configuration includes power connectors, but otherwise the two configurations are compatible.

The IEEE 1394B (aka FireWire 800) standard defines a 9-pin connector that supports data rates of up to 786 Mbps at present, but is capable of connections of 100 meters in length and data rates of 3.2 Gbps.

Audio/Video Cable Connectors

The connectors used to terminate the various wire and cable types used on audio systems are fairly standardized. Some systems have multiple connector choices, like the system shown in Figure 2-41.

Figure 2-41 The back panel of an audio/video device showing a variety of jack types

[image: Image]

Audio Connectors

Audio connections use many of the same connectors as data networks and video systems. However, while the connection is very much the same, the application is different. The primary connectors used for audio systems are

• Bayonet Neill Concellman (BNC) This connector type provides a mechanically solid twist-lock connection. Although it’s most commonly used with coaxial cable, this connector can be used with other cable types as well. BNC connectors are used in high-end installations for high-quality audio and video systems. See Figure 2-15 earlier in the chapter for an example of a BNC connector.

• IEEE 1394 (High Performance Serial Bus [HPSB]) Although originally developed for graphics and video transfer, IEEE 1394, discussed earlier in “IEEE 1394 Connectors” is becoming a popular audio connection as well.

• Radio Corporation of America (RCA) connector RCA connectors are a plug and jack combination designed for use with coaxial cable. This connector style is designed to carry a wide range of audio frequency (AF) signals, from very low to several megahertz. RCA connectors are also called phono plugs and jacks. Figure 2-42 shows a crimp-on RCA plug.

Figure 2-42 A crimp-on RCA plug

[image: Image]

• TosLink (aka Optical Digital Audio Output) If “Tos” has a meaning, it’s lost forever. However, TosLink is a fiber optic digital audio interface commonly used to connect a digital source (typically a DVD or CD player) to a digital receiver or pre-amplifier. Data is passed as laser (light) pulses that minimize interference and signal degradation. Figure 2-43 shows an example of a TosLink cable.

• Triple RCA An enhanced version of component video and standard RCA connectors, this connector type is used for component video signals (red, green, and blue). High-definition television (HDTV) uses this special type of component video cable (see Figure 2-44).

Figure 2-43 A TosLink optical digital audio cable

[image: Image]

Figure 2-44 A triple RCA cable

[image: Image]

• USB As discussed earlier in the chapter (see “USB Connectors”), USB is a high-speed digital serial interface that allows USB CD, DVD, speakers, and other audio devices to be connected to a computer using what is called hot-swap.

• XLR XLR connectors are primarily used for professional-level analog audio connections. XLR cables use positive and negative ground carriers, as do RCA cables, but the XLR cable adds a ground circuit. Figure 2-45 shows an XLR connector.

Preparing Audio Cable

In a structured wiring environment, audio signals can be distributed over speaker wire, coaxial cable, or fiber optic cable. Twisted-pair cable may also be used, but that is generally not a good first choice for this purpose unless it is digital audio.

[image: Image] CROSS-REFERENCE See Chapter 11 for information on installing RCA and other audio connectors.

[image: Image] NOTE To prepare coaxial, fiber optic, or twisted-pair cabling for termination with an audio connector, the process is the same as described earlier in the chapter for each of these cable types.

Figure 2-45 The female and male components of an XLR connector

[image: Image]

Video Connectors

Video systems and audio systems have many connector types in common. In fact, what may be classified as a video connector is often an audio/video connector in that the connection services both media.

The primary video connectors used in a structured wiring environment are

• Component (also called digital component) The newest of the cable and connector types, component connectors provide the best picture quality. The video signal is separated into individual red, green, and blue (RGB) color components, which results in better color and clarity. The connection for a component cable has three plugs, one for each color component. Make sure the colors are matched to the device jack colors. The connectors for a component video connection are shown in Figure 2-46.

• Composite A standard video signal format that contains color, brightness, and synchronization information. Virtually all VCRs and other legacy video equipment have a composite video input or output. The most commonly used jacks and plugs for composite video are RCA connectors. This signaling and connection format is distinctive in that it uses a yellow jack for video, a white jack for left-side audio, and a red jack for right-side audio.

• Digital Video Interface (DVI) This interface connector provides connections for both analog and digital monitors on a single cable. There are three standards for DVI connectors, each of which is designed to accommodate either analog (DVI-A), digital (DVI-D), or integrated (DVI-I), shown in Figure 2-47, signals. When a DVI connector and port are used, the digital signal sent to an analog monitor is converted to an analog signal. If the monitor is a digital monitor, such as a flat panel display, no conversion is performed.

Because Hollywood and the movie industry fears the image quality possible with DVI may make it possible to illegally copy and distribute high-quality bootlegs of their films, the High-Bandwidth Digital Content Protection (HDCP) standard has been developed to work with DVI circuits. HDCP circuitry is added to the DVI connection on both the transmitter (DVD player, cable box, and the like) and the receiver (projector, LCD TV, and so on). The HDCP circuits encrypt the video content, which prevents a copy of the original content from being played.

Figure 2-46 A component video cable
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Figure 2-47 A DVI-I connector
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• F-type connector This is the common connector used for video signals, such as connecting a cable television service or an Internet connection service to a TV set, receiver, or Internet gateway using coaxial cable. This connector is secured by screwing its locking cap onto a threaded jack.

• High-Definition Multimedia Interface (HDMI) An improvement over the DVI interface, HDMI (see Figure 2-48) supports either RGB or YcbCr (RGB encoding) digital video at rates well above the 2.2 Gbps required by HDTV. HDMI also supports up to eight channels of digital audio.

• Super Video (S-Video) The signal is split into two color groups: chrominance and luminance. Chrominance carries color information, and luminance carries brightness and lighting information. S-Video is used primarily to transmit video signals to a television from a VCR or game device. The pin configuration on the jack and plug (see Figure 2-49) on an S-Video connection prevents the connection from being made incorrectly.

Figure 2-48 An HDMI plug
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Figure 2-49 An S-video plug
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Speaker Connectors

Speaker wire is typically connected to a speaker using one of six common attachment methods:

• Banana plug The single prong on this connector is slightly bulged in the center, which gives it a banana look. A banana plug (see Figure 2-50) is attached to the stripped end of a speaker wire inserted through a hole in the body of the connector using a set screw. Banana plugs can be used on either end of a speaker patch cord, and a banana jack can terminate the distributed speaker wire in a wall outlet.

Figure 2-50 A pair of banana connectors
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Figure 2-51 Binding post connectors
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• Binding post Binding posts (see Figure 2-51) are available in three-and five-way configurations to which a speaker wire can be attached in two primary ways. Its most commonly used connection method is its threaded shaft on which a screw knob can be tightened to anchor a spade lug or a loop of bare wire. However, the post shaft is hollow and will accept a banana plug or, like a banana plug, there is a horizontal hole in the shaft through which a speaker wire can be inserted and anchored with the knob. The shaft is also sized to accept a pin connector.

• Pin connector Although they’re most commonly used for test equipment, pin connectors, like the one in Figure 2-52, can be attached to a speaker wire and connect to a binding post by inserting the pin of the connector into the top of the binding post’s shaft.

• Screw terminal Some older speakers may have screw terminals, which are used to anchor a speaker wire terminated with a spade lug or a loop of bare wire. The setscrew is either a screw that is tightened with a screwdriver or a metal or plastic knob that can be tightened by hand.

Figure 2-52 A screw-on pin connector can be used to connect speaker wire to a binding post.
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Figure 2-53 A spade connector
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• Spade (lug) Spades (see Figure 2-53) and other types of lug connectors are connections commonly used for terminating a speaker wire at the speaker. Spades are crimped or soldered on individual speaker wire conductors. Spades, also called Y-posts, and other lugs are placed at the end of the patch cord that connects a wall outlet to a speaker (the other end of the patch cord is usually a banana plug).

• Spring clip This connector, which is also called a push terminal, is a very common connector on lower-end speakers. A stripped speaker wire is inserted in the hole of the connector while a spring-loaded lever is pressed down. When the lever is released, gripping teeth on the inside of the connector clamp on the wire.

Chapter Review

The basic types of power connectors are lugs, plugs, receptacles, and terminal strips. Electrical plugs and electrical power characteristics vary from country to country.

In a structured wiring system, the primary coaxial cable types used are RG6 and RG59, and the common coaxial connector is the F-type connector. The two methods used to attach an F-type connector are crimp-on and twist-on.

Cat 3, 5, 5e, 6, and higher twisted-pair cable typically use one of the following modular connectors: RJ-11, RJ-31x, or RJ-45. The connector used depends on the number of lines the jack is supporting and its application. These modular connectors are standardized in the USOC, which defines the standard telephone and data communications jacks and plugs.

RJ-11 jacks and plugs use a 66-type punch-down with IDC contacts into which wire is inserted with a punch-down tool. RJ-31X jacks are connected to outside phone lines and optionally to a home’s inside phone lines to allow a security system to seize the line and prevent interruptions when it is alerting a monitoring service. RJ-45 jacks and plugs are standard for terminating twisted-pair cable for data networks.

In a standard four-pair UTP cable, each pair of wires shares a base color: orange, blue, green, and brown. One of the wires in each pair has a solid color and the other wire is marked with its color alternated with a white strip. The two wiring standards used to define twisted-pair cable connections in a network are EIA/TIA 568A and 568B. The 568A standard is backward compatible with the older USOC telephone standards, and 568B doesn’t support voice signals.

To install an RJ-45 jack or plug, it is very important that you match the correct pin to the correct wire color. Which wiring pattern you use depends on the requirements of the networking equipment. A straight-through pattern is used to connect computers to hubs and a crossover pattern is used to link computers to other computers.

The use of a central wiring closet or panel simplifies maintenance, troubleshooting, and expansion for a network. The central wiring panel terminates all of the network cabling and provides an interface for all of the controlling devices to the entire home automation network as needed. A patch panel can be used as a clustering device. Cable homeruns terminate to the back of the patch panel using IDC contacts. A patch cord is then used to connect each run to the next upstream device as appropriate. The two most common types of IDC contacts are the 66 block and the 110 block. The 66 block is used primarily in telephone and voice system connections; the 110 block is used for data networks.

Fiber optic cable is included in several types of structured wiring cable bundles and is being installed in homes for two reasons: its speed and bandwidth and to future-proof the home. Fiber optic cable is terminated using one of three general types of connectors: interface connectors, inline connectors, and splices.

The two basic types of fiber optic connectors are butt-jointed and expanded-beam connectors. Butt-jointed connectors align two prepared fiber ends into very close proximity or in contact with one another. There are two types of butt-jointed connectors: ferrule and biconical. Expanded-beam connectors use lenses to expand and refocus light from one fiber to another. The most common fiber optic connectors and those that should be used in a residential situation are SC, ST, LC, FC, SMA, and MT-RJ. Fiber strands must be clean before being mated. The standard for fiber optic cabling and connectors is ANSI/EIA/TIA 568A and 568B.

The three basic types of physical connectors most commonly used with PCs are the DB series, USB, and IEEE-1394 connectors. External connections made to a PC use either serial or parallel data transmission modes. USB provides a high-speed data bus that provides an easy way to connect peripheral devices to a PC. IEEE-1394 connectors are known as FireWire and i.Link. USB and IEEE-1394 connections are hot swappable.

Audio connections use many of the same connectors as data networks and video systems. The primary connectors used for audio systems are BNC, IEEE 1394, RCA, TosLink, USB, and XLR. Audio signals can be distributed over either coaxial cable or fiber optic cable. The primary video connectors are component, composite, DVI, F-type, HDMI, and S-video.

Speaker wire is typically connected to a speaker using one of six common attachment methods: banana plug, binding post, pin connector, screw terminal, spade lug, and spring clip.

Questions

1. A connector plug that has one or more pins extending from its housing is commonly called a

A. Female plug

B. Male plug

C. Negative connector

D. Positive connector

2. Which of the following is the most commonly used connector for terminating coaxial cable as a part of a structured wiring system in a home?

A. RJ-11

B. F-type

C. RJ-45

D. Spade

3. What connector type is used to interconnect telephone lines with a security system?

A. RJ-11C

B. RJ-21x

C. RJ-31x

D. RJ-45

4. Which type of punch-down block is used to terminate data networking cable?

A. 66 block

B. 88 block

C. 110 block

D. 240 block

5. What tool is used to connect a Cat 5e cable wire to an IDC contact?

A. Punch-down

B. Screwdriver

C. Spring clip

D. Twist-on

6. What are the four wire colors used in a Cat 5e cable?

A. Blue, green, red, black

B. Orange, blue, green, brown

C. Orange, blue, green, yellow

D. White, black, red, green

7. What is the wiring and connector standard that governs data networking?

A. EIA/TIA 568

B. NEC 411

C. USOC

D. NFSB

8. Which of the following is not a commonly used fiber optic connector?

A. RJ

B. SC

C. SMA

D. ST

9. What type of video signal interface separates the video images into RGB color components using three plugs, one for each color component?

A. Composite

B. Component

C. DVI

D. S-Video

10. What type of speaker wire connection is a five-way connector that can be used to anchor a lug, bare wire loops, stripped wire, a banana plug, and a pin connector?

A. Binding post

B. Screw terminal

C. Spade

D. Spring clip

Answers

1. B. A plug that has one or more receptacles in its housing is referred to as a female.

2. B. F-type connectors are commonly used in home systems for coaxial cable terminations. RJ-45 and RJ-11 connectors require multiple wires, and a spade connector may not provide the contact required for high-speed signal transmissions.

3. C. RJ-11 and RJ-21 are other telephone line connections, and an RJ-45 is used with data networking.

4. C. A 66 block is used in telephone applications. An 88 block terminates up to 256 wire pairs in large telephone applications, such as a telephone company. As far as I know, I made up the 240 block.

5. A. This tool is especially made to strip, cut, and insert a wire into an IDC contact.

6. B. The only other choice listed that you may actually encounter is yellow, black, red, and green, which are the colors in telephone quad wire.

7. A. The standards are 568A and 568B. The newer EIA/TIA 570 also specifies residential wiring standards. National Electric Code (NEC) Article 411 governs electrical connections. The other choices are not relevant at all.

8. A. RJs (registered jacks) are communication connectors for twisted-pair wiring.

9. B. Composite breaks the signal into two audio channels and one video channel, DVI is a Digital Video Interface, and S-Video breaks the signal into two components for chrominance and luminance.

10. A. Screw terminals can anchor lugs or bare wire, a spade is a type of lug, and a spring clip connector only terminates bare wire.


CHAPTER 3
Wiring Installation Practices

In this chapter, you will learn about:

• Planning for a wiring installation

• Pre-wiring activities

• Cable and wire installation

• Structured wiring trim-out

The performance of a network wiring in a home is determined more by the quality of the installation than the quality of the actual wire or cable installed to support the network. Not that the quality of the cabling isn’t important, but even the very best quality cable can’t overcome a poor or shoddy installation.

This chapter provides an overview of the installation practices and processes that should be used when installing wire and cable in a new construction environment to support an integrated home network. However, these same practices and processes should also be applied to remodeling and retrofit projects to ensure that the end result provides a high-quality wiring infrastructure for the new network.

Pre-Wire Planning

As entertainment, networking, and communication technologies continue to evolve and merge, homeowners are seeing the value of pre-wiring new homes not only for existing services, but also for those yet to come. In fact, the pre-wiring phase of a new home construction project has essentially become as much a part of standard building practices as the plumbing, electrical wiring, and heating and ventilation systems.

Before the actually wiring can be performed, you and the builder or homeowners, or both, should meet to plan out the network wiring system and address some common installation issues, including:

1. What types of Internet service are available to the home and to what type of Internet service(s) do the homeowners wish to connect initially?

2. What type(s) of video and television service is available to the home and to which type do the homeowners wish to connect initially?

3. How many telephone lines do the homeowners plan to install?

4. Is a distributed audio or video system planned for the home, now or in the future?

5. What type of security system is planned?

6. What type of HVAC (heating, ventilation, air conditioning) system is planned? Is automated control desired?

7. How do the homeowners see the house being zoned for each system (audio, security, HVAC, and so on)?

8. Do the homeowners want systems integrated and controlled by a central control system?

This list is hardly all-inclusive for every situation, but it does cover the basics. Be sure to discuss every subsystem that is to be supported by the network infrastructure. The subsystems that should be considered for inclusion or elimination from the wiring plan is likely some or all of the following (among others):

• Structured wiring

• Whole-house music system

• Telephone/intercom system

• Security system

• Lighting control system

• HVAC interface control system

• Motorized devices

• Integrated control system

• Surge protection

The primary objective of pre-wiring planning is for you and the homeowners to develop a shared vision of what the finished system is to be and the networking infrastructure necessary to ensure its successful functionality. The result of your meeting(s) should be a rough sketch of the home that clearly identifies the locations of the networked devices and the cabling and wiring required to interconnect these devices. Figure 3-1 shows one example of what this sketch might look like. In new construction situations, a walking tour of the home may be impossible, but in remodeling situations walking through the home with the floor plan in hand will save time and money later.

[image: Image] NOTE The pre-wiring plan should also include any wiring that can be installed as a part of the current project to provide support for a feature that may be added in the future.
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Figure 3-1 A preliminary diagram of a home wiring plan using CEDIA icons

The Pre-Wire Process

The process of pre-wiring a house or building for a digital network consists of the following major activities:

1. Determine the locations of the distribution panel, outlets, and devices.

2. Create a wire chart.

3. Place outlet boxes or mud rings at each location.

4. Pull the appropriate type and number of cable runs to each outlet and device location.

5. Label all cables at distribution panel.

6. Terminate or protect the cables at the outlets with the appropriate connecters or bagging.

7. Test all cable runs and connections.

Pre-Wiring Tools

Before beginning the pre-wire phase of your project, ensure that you have the tools you’ll need to drill holes, pull, strip, terminate, and test the installed cabling. The types of wiring and cabling to be installed should dictate the specific tools in your kit, but at minimum you should have the following:

• Cordless hand drill To drill cable path holes through studs, floors, and ceilings, as required.

• Drill bits These are needed to drill pathway holes through studs, floors, or ceilings. You need bits that have a diameter slightly larger than the diameter of the cable and are long enough to eliminate the need to drill multiple holes in a surface, especially in a retrofit situation. A flex bit is another handy tool to have available.

• Fish tape In a retrofit situation, such as an existing house with finished walls, an electrician’s fish tape is a must. This tool is used to push or pull wiring into existing walls or conduit.

• Fiberglass push/pull rods These can be very handy in either a new construction or retrofit situation. Wire push/pull rods are sectional, so you can lengthen or shorten the rod as you push or pull. I recommend the luminous “glow-in-the-dark” type that allows you to see your progress.

• Wire cutter/stripper For cutting the cable to length and stripping its outer jacket during termination.

• Needle-nose pliers For use when terminating all cable types.

• Screwdrivers For the most part, you need both slotted head and crosshead recessed (Phillips) screwdrivers.

• Volt meter/continuity tester For testing each cable run before termination and trim out.

Wire Chart

Table 3-1 shows an example of a wire chart that should be created during the planning phase of a structured wiring project and used as a guide for the pre-wiring, rough in, and trim out of the structured wiring of a home. The information in the wire chart should be taken directly from the project design and planning documents. If abbreviations are used on the wire chart, a legend should be created to ensure that everyone associated with the project understands their meaning. The format shown in Table 3-1 is only an example, and you may want to include additional columns for other information, but the columns shown represent the minimum information needed during the complete wiring project.
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Table 3-1 A Sample Home System Wire Chart. Format used with permission from Heneveld Dynamic Consulting, Inc.

The columns included in this wire chart example are

• Pulled After each cable run is installed (pulled) from the source indicated in the Source column to the location listed in the Destination column, this column can be checked off and initialed by both the installer and whomever inspects his or her work. A double-check of the work is highly recommended to prevent oversight, errors, and omissions.

• Tested During trim out and after each cable run is terminated and tested, the corresponding box in this column for the cable run can be checked off and initialed by the tester and the person verifying the test. Again, a double-check of the work is highly recommended to prevent oversight, errors, and omissions.

• Run # This column is used to create a unique identity and reference number for each cable run. The number or code assigned in this column can later be used in cable documentation and when labeling each cable. Cable number labeling systems provide self-adhesive numbered labels that can be affixed to each cable run at the distribution panel or control center (CC) end.

• Type The type of cable to be used is entered into this column for each cable run.

• Source The location of the starting point from where the cable run is to begin is entered into this column.

• Destination The location of the ending point to where the cable run is to be pulled is entered into this column.

• Device The source, distribution, control, or outlet device to which the cable run is to be connected or will support is identified in this column. When a cable run is being installed for future-proofing purposes (see Chapter 5), this information should be recorded as well.

• Length This is an optional column, but can be helpful when comparing wire usage estimates to the actual installation. After estimating or length testing is completed on each cable run, record the length in this column. Wire types used can be totaled up and compared to total usage wire estimates for the project. The information in the Length column may come in handy later when you are troubleshooting a cable for possible attenuation problems.

• Special Instructions Because it is common for one technician to design and plan a structured wiring job and another technician to install its cable, this column can prove valuable in noting any issues or instructions, such as device height, that the installer should know before beginning his or her work. Any problems encountered by the installer should also be recorded should yet another technician perform the cable testing. This column can also be used to record any other information relating to a particular cable run that may be valuable for future reference.

Wall Outlets

The system plan that was developed earlier in the project (and discussed earlier in this chapter) reflects where you and the homeowners have decided the connections, speakers, and controls for the home’s integrated system should be placed. However, it’s one thing to mark it on a floor plan and quite another to religiously follow the plan exactly. Sometimes the wall studs, pipes, vents, or another room feature may not support the original placement of a system device. In these cases, you should coordinate with the homeowner to decide on a new location for the device.

Locate Outlets

The first step in the pre-wiring process is to install the outlet boxes and mud rings or plaster rings. In each location, an outlet box or mud ring should be nailed to a wall stud at the same height from the floor as the electrical outlets placed by the rough-in electricians and should be 12 inches or 300 millimeters above the floor. The boxes should also be from 12 to 16 inches from any nearby electrical outlets. A standard recommendation is to locate low-voltage outlets at least one wall-stud cavity away from an electrical outlet.

The outlet box (see Figure 3-2), backless outlet box, or mud ring should be of appropriate size to accommodate the size and amount of cabling that is to terminate or pass through that location, as well as the number of connectors and jacks to be installed. Outlet boxes should be placed so that when the drywall is installed they are flush with the front edge of the drywall. A mud ring will be stuck to the back of the drywall by joint compound.

Figure 3-2 A standard electrical outlet box can be used to mount connectors and faceplates.
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Outlet boxes for other devices that may be included in the home vary in their placement. For example, the boxes used for control panels, volume controls, or keypads depend on their type and, in many cases, the homeowners’ preferences. The rule of thumb is to place outlet boxes for pushbutton devices at light switch height (generally shoulder height). Outlet boxes for touch-screen inputs/displays should be at eye-level, but the homeowners may have a preference for their placement. Most input or display devices fit into either a single or double outlet box, but some also come with their own in-wall or surface-mount boxes, which is why it is always good practice to know what specific equipment is to be installed so that outlet and mounting boxes are placed appropriately.

Sidecar Brackets

Several manufacturers make specialized low-voltage boxes and brackets that are able to service both AC electrical power lines and low-voltage structured wiring lines. The double-gang box shown in Figure 3-3 includes a separator panel in the center that meets the requirements of the NEC and EIA/TIA standards 568 and 570 for the separation of these lines.

Another box type attaches to the side of an electrical service outlet box to create a tandem box that will appear, after the drywall is installed, to be a two-gang box. Add-on or sidecar brackets (see Figure 3-4) allow the outlet box to be paired with an electrical outlet, creating the finished look of a two-gang box rather than two separate outlets a short distance from each other on the same wall.

Figure 3-3 A double-gang outlet box uses a separator panel to segregate AC power lines from network cabling.
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Figure 3-4 A sidecar bracket can be attached to the side of an electrical box.
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If you use a sidecar bracket, be sure to wire the low-voltage wire as far away as possible from the electrical wires. For example, the electrical wiring comes down the stud that the electrical box is mounted on, so wire the low-voltage wire down the opposite stud of that stud opening, wiring into the two-gang box at a right angle to the electrical wiring.

Cable

A variety of composite cable systems, like the one shown in Figure 3-5, is available; these systems that combine coaxial cable and Cat 5e cables into a single bundle, called a 2 + 2 bundled cable. Some manufacturers also offer what amounts to a 2 + 2 + 2 that includes an additional two runs of fiber optic cable.

[image: Image] CROSS-REFERENCE See Chapter 1 for more information on network cabling.

Cable Schemes

Table 3-2 lists the recommended cables that should be installed for a variety of structured wiring applications. Remember that this is only a recommendation, but it does adhere closely to most of the recognized standards.

Cable Installation

After the outlet boxes and mud rings have been installed, the next step in the pre-wire process is to install the cabling. In a new construction pre-wire situation, the structured cable runs through holes drilled in the wall studs and runs parallel to the electrical wiring that should already be in place.

Figure 3-5 An example of a composite cable that includes two RG6 and two Cat 5e lines
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As a general rule, the path through the wall studs used for the structured cable should not be placed too close to the electrical power lines to avoid the possibility of electrical interference on the structured cabling. The general guidelines for how far a structured cable should be placed from an electrical line vary from 6 to 24 inches (with 6 inches the absolute minimum distance). However, the generally accepted standard and convention is that 12 inches is the minimum that should be used, unless for some reason the structure doesn’t permit it. If the electrical cable in question is a high-voltage line, such as a 240 V line, the minimum distance moves out to 24 inches. If an electrical cable must be crossed, the structured cabling should do so at a 90-degree angle.

Nearly all structured wiring cable products are designed for installation in residential settings, so by and large, the bend radii required to pull a cable down between two wall studs is well within its specifications. However, sharp bends or kinks should be completely avoided.


	Space

	Wire Types

	Number of Runs Data/Audio-Video

	Applications


	Typical room

	Cat 5e/RG6

	2/2

	Phone/TV/data/satellite


	Media center

	Cat 5e/RG6

	3/3

	Phone/TV/AV/data


	Home office

	Cat 5e/RG6

	3/3

	Phone/TV/data/AV




Table 3-2 Cable Recommendations for Room Types as Included in the EIA/TIA Standards

The primary concern for pulling cable into an existing structure is to spread the runs of the various cable types over as wide a space as possible. If it is absolutely necessary to cross cabling, there are standards and guidelines for the installation of low-voltage cabling that covers overlap, separation, and crossing angles.

In general, structured wiring cable should be installed using the following guidelines:

• Use no more than 25 pounds of pull on the cable.

• Use at least 12 inches of separation between 120 V power and structured wiring cables, and at least 24 inches of separation for 240 V lines.

• If a low-voltage cable crosses a power cable, it must do so at a 90-degree angle.

• The low-voltage cable should avoid fluorescent light fixtures, and if you must run a cable by a fluorescent fixture, treat it like a 240 V electrical line.

• Cable sheathing should not be stripped more than 1.25 inches from the connection end of the cable, and one inch is better.

• Unshielded twisted-pair (UTP) wire pairs should not be untwisted more than 0.5 inches and 0.375 inches is even better.

• The bend radius of a cable should be at least one inch, but some cable types are more sensitive than others.

• Between a transmitting source and a terminating (receiving device), a UTP cable segment should not be longer than 100 meters (a bit more than 300 feet).

[image: Image] NOTE In North America, UTP is the most commonly used cable for lowvoltage (LV) data networking installations. However, outside of North America, shielded twisted-pair (STP) and screened twisted-pair (ScTP) wiring are commonly used.

Cable Path

In a structured cabling environment, one or more separate cable runs are strung between the outlet location and the central distribution panel so that each outlet has its own homerun of cable back to the panel.

When routing the structured cable through a wall stud, you should use a 5/8-inch auger drill bit to drill a hole in the horizontal center of the stud. This provides both a hole big enough for most cable bundles and composite cabling and leaves enough wood in the stud on each side (at least one inch) of the hole to retain the strength of the stud. If you are concerned that the dry wall installers may penetrate your cable when they screw on the dry wall, place a nail plate on the front edge of the stud even with the cable hole. Minimize the number of holes drilled through a wall stud to maintain the integrity of the stud.

Figure 3-6 A J-hook creates a cable path in open spaces.
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An alternative cable path is to pass the cable through a hole drilled in the header of the wall (the boards to which the studs are fastened) and run the cable through the attic or crawl space above or below the house. Using this path, the cable can be placed on J-hooks (see Figure 3-6) or tie wraps that hold the cable in place without the threat of damage from nails, staples, or other fasteners used to secure the cable to wall studs.

Service Loops

At the outlet end of the structured cable pulled through the walls, leave at least two feet of cable length to work with during the trim-out phase of the cabling project. At the distribution panel have at least two feet of cable after the panel location, or better yet, have all cables reach the floor. Having ample cable in a service loop provides some flexibility when you are terminating the cable at an outlet or the distribution panel.

Tuck the service loop into the outlet opening of the wall in such a way that it can later be pulled out through the outlet or mud ring after the wallboard is installed.

It is beneficial to protect the distribution panel cable by putting a large piece of cardboard to fit in the panel opening to cover all the cables.

Cable Handling

Cat 5e and RG6 are high-frequency cables and must not be damaged during installation. This means that staples or any other type of cable fastener that dents, pierces, or crimps the cable in any way shouldn’t be used. Also avoid bending these cable types too sharply when entering or exiting a wall stud cavity. The minimum bend radius for Cat 5e or Cat 6 is 1 inch, or 25.4 millimeters (mm), and for RG6 is 2.5 inches, or 63.5 mm (see Figure 3-7).

Another important part of cable handling is to label or tag each run of cable per the wire chart. Each cable should be numbered per the wire chart and the number recorded on its labeling. This identification links the cable back to the cable plan created during the design and planning phases. Should a problem develop in the future on a specific cable run, knowing its cable number and being able to identify and locate the cable labeled with this number can be a real time saver.

Figure 3-7 The recommended maximum bend radii of Cat 5e and RG6 cables.
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Cable Trays, Conduits, and Chases and Other Cable Supports

Most often, residential cables are routed through stud walls. However, if the cable has to be routed through an attic, basement, or other open space, the cables must be supported and organized, so typically they are routed through cable (J-) hooks (see Figure 3-6) or tie-wraps attached to the rafters.

Cable Trays In residential settings, it is rare that you would need to install cable trays, which look something like a ladder installed horizontally. A cable tray is used to bridge cable runs that must run over areas that have no natural support features. For example, if you were to run cable through an attic, a cable tray hung from the roof rafters would provide a secure and safe pathway for the cabling.

Conduits Conduits can be rigid aluminum tubing or plastic piping or flexible plastic tubing. In most areas, conduit is not required for home structured wiring, but can be a wise choice when the pathway available for the structured cable is too close to electrical wiring or other interference sources.

EIA/TIA 570, the standard for residential cabling, recommends that data cabling is segregated into its own pathway, which has been interpreted in some municipalities as requiring conduit for all wiring, especially data network cabling. So be sure to check your local building and electrical codes.

Some technicians, especially those working with fiber optic cable, recommend the use of conduits for a variety of reasons, including ease of cable installation, cable upgrades, and new outlet installation, as well as protection of the cable from damage.

Chases A chase is a tube or a three-sided frame placed horizontally on a wall or in a slot cut into a floor. A chase permits cabling to be suspended and protected along a wall or beneath a floor. Chases are commonly used in multistory buildings in the space between the floors. Typically, a lid or cap is placed over the chase to protect the wire. There are vertical chases as well, which are on walls or in shafts to provide a protective path for riser cables, something that is rare in most home-wiring installations.

As a part of future-proofing a home, it’s wise to install 2-inch plastic pipe (conduit or chase) between the distribution panel and some key areas of a home, such as the attic, home office, and media center.

Trim-Out

The final step in the wiring process is called trim-out, during which the cable runs are terminated and installed in the distribution panel and the appropriate connectors and outlets at the in-room end are installed. The trim-out phase is done after the wallboard installers have put up the drywall to cover the wall studs and the painters are finished.

Cable Termination

During the trim-out phase, the cables that have been pulled into place are terminated at both the outlet and distribution panel or intermediate device (such as a patch panel or hub) ends. The type of termination applied depends on the cable and its intended use at the outlet. For example, coaxial cabling being terminated at an outlet to provide a connection for distributed video or a Cat 5e cable being terminated for a data network connection will each be connected to the outlet connections with a device and method specific to the cable and its application.

[image: Image] CROSS-REFERENCE See Chapter 2 for more information on cable connectors and terminations.

Telephone Cable

The trim-out work for a home telephone system involves the termination of Cat 5e UTP cabling at both the telephone block, either inside or outside of the central distribution panel, and the telephone outlets.

Telephone Block The cabling installed to provide telephone links throughout a home are connected into the telephone system using a telephone panel or block located inside or very near the structured wiring distribution panel.

The telephone block, shown in Figure 3-8, is commonly referred to as a 110 punch-down block and consists of two columns of 50 IDC contacts. Each row of contacts, which can be connected to one another as one circuit of the panel, consists of one contract from each column. On some blocks, the pairs are internally linked and on others a bridging clip must be inserted over the inner two contacts to bridge the outer contacts.

[image: Image]

Figure 3-8 A telephone connection block

[image: Image]

Figure 3-9 The wire color scheme used for Cat 5e cabling for a 110-type punch-down block

When terminating Cat 5e cabling for a telephone system, a 110-type block should be used. Typically, a 66-type block is used in telephone systems where quad wire is in use, but the 110-type IDC contacts, which have shorter contacts, are better suited to Cat 5e cable.

An impact punch-down tool is used to press unstripped wire strands of the Cat 5e cable into an IDC contact. The tool pushes the wire down into the IDC and its tines cut through the wire’s insulation to allow the tines to make contact with the wire’s copper core. The standard wire pattern, meaning the color sequence of the wire as it is placed into the 110 block, is shown in Figure 3-9 and listed in Table 3-3.

[image: Image] NOTE If you consistently reverse one or more of the wire colors, don’t worry. As long as the wire pattern is exactly the same on each end of a terminated cable, everything should still work. However, following the standard removes all guesswork about how consistent you’ve been.


	Wire Color

	Pair

	Contact


	White/Blue

	1

	1


	Blue or Blue/White

	1

	2


	White/Orange

	2

	3


	Orange or Orange/White

	2

	4


	White/Green

	3

	5


	Green/Green/White

	3

	6


	White/Brown

	4

	7


	Brown or Brown/White

	4

	8




Table 3-3 Cat 5e Wire Color Scheme for Use in 110-type Punch-down Blocks

[image: Image]

Figure 3-10 The pinouts for a one-pair (single line) and a two-pair (two line) connection

Telephone Outlets Telephone cabling should be terminated at the wall outlet with an RJ-11 jack, using a one-, two-, or three wire-pair configuration, depending on the number of lines to be connected through the wall outlet. Figure 3-10 illustrates the wire configuration of the RJ-11 terminations at a wall outlet and Table 3-4 lists the wire configurations for RJ-11 wall jacks.

Audio Cable

Most audio cabling is actually speaker wire and can be terminated in one of two ways: directly at an in-wall or an in-ceiling speaker, or at a wall outlet for hookup with external speakers. To directly connect a speaker, the speaker wire is terminated to the speaker itself. If you choose to terminate the speaker wire at a wall outlet, it can be either a standalone outlet or a part of a multiple-connection outlet that may include other connector types. In situations where the audio cable or speaker wire terminates directly on a speaker, the wire must be prepared or terminated to connect to the connection type or types available on the speaker.

[image: Image] CROSS-REFERENCE Chapter 13 covers the specifics of terminating speaker cable and the various connector types that may be used.

Speaker Outlets Figure 3-11 shows an example of a speaker outlet with four 5-way binding post connectors where local freestanding or bookshelf speakers can be connected. Binding post connectors are the most commonly used connector for audio system outlets. Speaker wire is secured to a binding post connector using its setscrew. Care should be taken to ensure that the right and left speaker wires are connected properly and the plugs on the face of the outlet are labeled properly. Audio cabling can also be terminated on simple screw connectors as well.


	Wire Pair

	Function

	Position

	UTP Wire Color

	Quad Wire Color


	1

	Tip

	Pin/Slot 4

	White/Blue

	Green


	

	Ring

	Pin/Slot 3

	Blue (Blue/White)

	Red


	2

	Tip

	Pin/Slot 2

	White/Orange

	Black


	

	Ring

	Pin/Slot 5

	Orange (Orange/White)

	Yellow


	3

	Tip

	Pin/Slot 1

	White/Green

	n/a


	

	Ring

	Pin/Slot 6

	Green (Green/White)

	n/a




Table 3-4 RJ-11 Pinouts for UTP Cable

Figure 3-11 A multiconnector speaker outlet

[image: Image]

Audio Cable Termination To properly terminate audio cabling, follow these guidelines:

• Split the insulation between the conductors of the audio cable about one inch.

• Remove ½ inch of insulation from each conductor.

• When using screw-type or binding post connectors, wrap the stripped wire 180 degrees around the screw post in a clockwise direction and then tighten the setscrew. Don’t wrap the bare wire completely around the post, because when the setscrew is tightened, the wires could be damaged or broken—keep some of the insulation under the screw post.

Coaxial Cable

Coaxial cabling, meaning RG59 or RG6 cable, is terminated at an outlet box using a variety of connector types. The most common connector used is the F-type connector, shown in Figure 3-12. Many coaxial outlet connectors require the cable to be terminated before it is connected to the back of the outlet. In others, the coaxial connection terminator is attached to the cable and then inserted into the outlet faceplate. On some, the connector is a permanent part of the faceplate and the cable must be terminated to the rear of the connection.

Figure 3-12 Coaxial cable is commonly terminated with an F-type jack.

[image: Image]

Coaxial connectors are attached to the cable using a variety of methods, including crimp-on, compression lock, threaded or twist-on, and several proprietary types of connectors. Some require standard crimper tools, and other require a crimper made specifically for a particular brand or style of connector.

[image: Image] CROSS-REFERENCE
See Chapter 2 for more information on coaxial cable terminations and connectors.

Data Outlets

Twisted-pair (TP) wiring, such as Cat 5e or Cat 6, is most commonly terminated with an 8-pin RJ-45 connector using an impact punch-down tool. However, RJ-45 connectors that can be attached to the cable with a crimper or merely clamp down on the individual wires with a snap close are available and becoming popular.

[image: Image] CROSS-REFERENCE
See Chapter 2 for more information on twisted-pair cable terminations and connectors.

Figure 3-13 A modular faceplate with angular snapin connector mounts

[image: Image]

The best practice is to terminate TP and coaxial cabling with what are called modular connectors that can be snapped into an open slot faceplate (see Figure 3-13).

Video Outlets

Coaxial cabling is the most commonly used and recommended wiring for distributed video service lines. The best connectors to use when terminating video cabling are either compression lock or threaded male F-type coaxial connectors. The best practice is to use snap-in connectors that can be inserted into an open-slot faceplate at the outlet.

[image: Image] CROSS-REFERENCE
Chapter 2 includes more information about coaxial and twisted-pair cable termination.

Faceplates

If modular faceplates are used to hold multiple cable termination jacks, a consistent pattern of placement should be used in every location. A fairly commonly used convention (for a 4-slot faceplate) is to place the RJ-11 telephone jack in the upper-left position, the data network RJ-45 jack in the upper-right position, the video coaxial F-type jack in the lower-left position, and, if used, a video out coaxial F-type connector in the lower-right position. Figure 3-14 illustrates this arrangement.

Jacks are inserted into a modular faceplate by inserting them from the rear of the faceplate, as shown in Figure 3-15. Although this figure shows only a single jack being inserted, the process is essentially the same for multiple jacks.

Figure 3-14 An illustration of a commonly used convention for modular jack placement on a faceplate

[image: Image]

Figure 3-15 Modular jacks are inserted into a faceplate from the rear.

[image: Image]

The Distribution Panel

Whether the network cabling scheme is anchored by a small distribution panel, like the one shown in Figure 3-16, or a large fully integrated panel, the cabling scheme becomes a structured installation when the homerun cable pulls all terminate in this one location.

The distribution panel is the central hub for the communications lines and connections in a home. It serves as the interconnection point between service lines that enter the home and the cabling that distributes the various services to the rooms, areas, and zones of the house. The panel also provides an interconnection point for the data networking cabling throughout the home.

A distribution panel doesn’t have to be a commercial device like the one shown in Figure 3-8; the various interconnecting devices could actually be mounted on a sheet of plywood and hung on a wall. However, commercially available distribution panels typically have basic service connections included and a variety of optional modules for different connection types and quantities. A common distribution panel supports a coaxial signal splitter, a telephone distribution block, and a data networking distribution block. Other devices, such as a telecom distribution block, audio distribution, and a video distribution block can be added to the panel, as required.

Distribution Panel Trim-Out

The distribution panel provides the interconnectivity of a structured network wiring system, not to mention versatility and flexibility. It also provides a single access point for all of the various home technology systems and communication services integrated into a home.

Typically, the only distribution panel found in an average home is the electrical panel. The electrical panel is the central point for incoming and service wiring in the home’s electrical system. In the same way, a distribution panel simplifies and centralizes the design, installation, and perhaps more importantly, maintenance for the home’s network cabling.

The distribution panel should ideally be centrally located in a home. However, it’s far more important that it be central to the cabling scheme to minimize the lengths of cable runs as much as possible. On the other hand, if a home has a natural location for its distribution panel, cable is relatively inexpensive. Figure 3-17 illustrates how a room in the center of a home serves as a central distribution panel for the structured wiring installed throughout the home.

Figure 3-16 A residential structured wiring distribution panel

[image: Image]

[image: Image]

Figure 3-17 The ideal location for a network cabling distribution panel is a central point in the home.

Distribution Panel Installation

The distribution panel should be mounted on a wall at a safe distance from possible interference sources and at about eye level. If the panel is mounted too low or too high, access to the panel could be cumbersome later. Distribution panels are either flush-mount, which means they are mounted into the wall (this type should be installed during rough-in), or surface-mount. In either case, if multiple panels are installed, they should be set side-by-side on the same level. If the distribution panel is a flush mount, run conduit between the multiple panels to allow for easy hookup.

Following the manufacturer’s documentation, remove the appropriate knockouts or plugs from the top or sides of the distribution panel’s cabinet. If the cabinet has metal knockouts, you should install protective grommets in each hole to protect the cabling that will pass through them.

All cabling in the distribution panel should be labeled about 6 to 10 inches below where the cable enters the cabinet. This step is included in the TIA/EIA standards, which state that each cable should be individually identified both at the termination point and on the cable.

The cables terminating in the distribution panel should be organized by room, zone, or system using Velcro ties, cable ties, or another form of cable management. A bit of organization now will save time during troubleshooting or system reconfiguration later.

Distribution Panel Components Installation

Structured wiring distribution panels are available from empty panel shells that contain none of the modules needed to terminate and distribute the systems attached to the structured wiring all the way to fully populated distribution panels (see Figure 3-16). In most residential installations, a typical distribution panel should contain the following modules:

• Bridged telephone module Used to bridge the telephone line connections from the telephone company’s network interface device (NID) to the telephone lines in a home. The telephone module should have the capacity to bridge at least the number of incoming lines to at least the number of telephone lines being installed in the home.

• Data network module Interconnects the incoming Internet service connection (DSL, ISDN, or cable) to the residential gateway and the distributed network outlets in the home. The connections supported should include RJ-45 and 110-type IDC contacts.

• Video splitter module Combines off-air antenna, cable television, or satellite receiver services to the distributed video outlets in the home.

[image: Image] NOTE Extra capacity in these modules, in the form of connections for additional incoming and distributed lines beyond a home’s current requirements, helps to future-proof a home.

Additional modules can also be installed, such as telephone or data security modules, video surveillance splitters, audio distribution modules, security system, and electrical surge suppressors or power line filters.

If the distribution panel modules must be installed into the distribution panel independently, a logical layout must be used to support cable management, ease of connection and troubleshooting, and perhaps most important, fit.

Placing Modules in the Distribution Panel If the distribution panel is not preconfigured with the basic modules, or if additional modules are being added to a preconfigured panel, the modules should be placed into the panel in the location where it can be easily attached and which provides the shortest path to the cabling to which it will connect. There is really no standard way to configure a distribution panel, but typically the modules are added starting at the top of the panel to simplify the cable management inside the panel.

Mounting Distribution Panel Modules Distribution panel modules typically include a mounting bracket kit that can be adjusted to fit the openings available in the panel back and allow some flexibility in their placement inside the panel. However, some add-in modules have screw-type connectors that are fixed in place (see Figure 3-18). Snap-in standoffs are commonly used to mount add-in modules into a distribution panel.

Figure 3-18 An audio distribution module with fixed-position mounting screws

[image: Image]

Distribution Panel Connections

The cable terminations made at the distribution panel mirror those made at the outlet end of each cable. Twisted-pair cabling is most commonly terminated using 110-style punch-down connections, and coaxial connections are made using F-type connectors. For audio connections that terminate into a distribution panel, screw-down terminals are usually used in the distribution panel.

Depending on the complexity of the systems being installed in a home, the distribution panel may connect to other distribution devices. For example, the data network lines may first connect to a hub or bridge before connecting into the distribution panel. In this case, patch cords, shorter runs of TP cable, are used to connect the hub into the distribution panel. The same goes for coaxial cabling for the video and Cat 5 cabling for a telephone system, where the distribution panel may connect into the video cable head-in or the telephone system demarcation point using patch cords.

When installing the AC power for the distribution panel, the appropriate national, state, and local electrical codes must be followed. For best results, the distribution panel should be wired into a dedicated 15-amp circuit using standard high-voltage electrical wiring. Many brands and models of structured wiring distribution panels void their warranties if their electrical guidelines aren’t followed exactly.

Distribution Panel Grounding

It is important that the distribution panel be grounded to an earth ground. The panel itself, a power module, or a surge suppression module should each have a grounding connection (typically a screw) that can be connected to the earth ground of the main power line to the panel. Grounding the panel’s AC power input provides grounded power distribution to any of the modules connecting to it, including DC power converters.

Cable and Outlet Testing

When installing network cabling in any situation, it is vital to both inspect and test the cable at each milestone in the process, such as after pulling the cable, after terminating the cable, and after mounting the terminations into outlets or faceplates.

The first test that should be performed is a visual test. A visual test should be performed during the rough-in phase as the cabling is installed and immediately after it is installed. This visual inspection should examine every inch of the installed cable and carefully examine the cable ends. If the ends have become damaged (meaning unusable in a quality connection), they should be trimmed before the cable is terminated. This is also the best time to ensure that the cables have been properly labeled and identified in your wire chart.

Standards Testing

The only way you can assure yourself and demonstrate to the customer that the network’s wiring and infrastructure supports the network to be installed on it is with a planned and formal test procedure that incorporates the TIA/EIA TSB-67, the Transmission Performance Specifications for Field-Testing of Unshielded Twisted-Pair Cabling Systems (TSB-67 for short), and the TSB-95, which provides additional test parameters for Cat 5e cable.

A number of handheld devices are available to perform the tests prescribed in these two TSB standards. In fact, Cat 5e testers perform what is called a certified test that should assure your customer that his or her network wiring is installed per specification and is ready to support any network-capable devices attached to the network. Certifying the cable provides a benchmark for any future network or cable problems. However, you should know that Cat 5e testing devices can be quite expensive. Cable testing units, like the one shown in Figure 3-19, commonly include a master unit and a slave unit that are attached to the ends of the cable segment being tested and an auto-test function that measures the results of the test as either a pass or a fail.

Essentially, Cat 5e testing units perform two tests: a link test and a channel test. The link test measures the end-to-end connectivity (continuity) of a cable segment and is typically performed on the cable with the master unit at the distribution panel end and the slave at the wall outlet end of the cable. A channel test extends the link test to include devices attached to the cable segment.

Figure 3-19 A multifunction cable tester with a master and a slave device

[image: Image]

A Cat 5e link (cable only) should not be more than 295 feet (90 meters) in length. A Cat 5e channel shouldn’t be more than 328 feet (100 meters) in length. The difference of 33 feet or 10 meters between a link and a channel represents the cables used to connect a computer or other device to a link. What this boils down to is that the cable running between the patch panel and the wall jack can only be 90 meters in length, and all of the cables used to connect a computer to a central device (like a gateway or router) cannot exceed 100 meters in length.

TSB Tests

The EIA/TIA TSB-95 standards specify the following standard testing procedures:

• Attenuation test Measures the attenuation affect on a signal transmitted on a cable. A series of frequencies up to 100 MHz is transmitted on each wire pair at one end of a link and the strength of the signal received at the other end of the cable is measured.

• Length test Measures the length of a cable segment. In addition to displaying the distance of the cable in feet or meters (at least to the point where the signal is reflected in the cable), this test checks the links and channels of a cable using time domain reflectometry (TDR) technology. TDR emits a signal pulse and then calculates the length of the cable based on what is called nominal velocity of propagation (NVP), which in essence is the speed of a signal through a cable. If the test fails, the cable is too long to meet standards.

• Near-end crosstalk (NEXT) test Places a test signal on one pair of wires and then measures all of the other wire pairs for signal presence to see how much crosstalk the cable is allowing. Crosstalk is electromagnetic signals on one wire being picked up by another wire.

• Wire-map test Tests each individual wire in the cable and whether or not it maps to the same pin at each end of the cable. This test is used to identify connector and pinning errors on a cable segment.

Any link that fails one of these tests should be replaced, rewired, reconnected, or, in the case of the length test, shortened or replaced. If a channel fails, you need to test the patch cords used to connect a particular networked device to the link being tested.

Chapter Review

Before beginning the pre-wire process, you should meet with the homeowners and discuss room use issues that impact the installation of the wiring and its connectors. This action ensures a shared vision of the home’s structured wiring environment and should result in a rough sketch of the home, the devices, and the home’s wiring requirements.

The process of pre-wiring a house consists of several major activities: determining the locations of the distribution plan and the outlets, creating a wire chart, placing outlet boxes or mud rings at each location, pulling the appropriate type and number of cable runs to each outlet location, labeling all cables at the distribution panel, terminating or protecting the cables at the outlets with the appropriate connecters, connecting the cable runs into the home’s distribution panel, and testing all cable runs and connections.

The first step in the pre-wiring process is to install the outlet boxes and mud rings or plaster rings. Outlet boxes or mud rings are nailed or screwed to wall studs at 12 inches or 300 millimeters above the floor and 12 to 16 inches from any nearby electrical outlets. The outlet box or mud ring should be of appropriate size to accommodate the size and amount of cabling that is to terminate or pass through it. Sidecar brackets allow for two-gang boxes with both electrical and low-voltage wiring. Be sure to follow installation practices to avoid interference.

Four standard types of wiring are typically used to pre-wire a home in a structured wiring scheme: Cat 5e, coaxial, fiber optic, and quad wire. Bundled cables are commonly used. A bundled cable combines coaxial cable and Cat 5e cables into a single cable bundle. Bundles are also available that also include one or more runs of fiber optic cable.

Structured cable should not be placed less than 12 inches to electrical power lines to avoid the possibility of electrical interference. If an electrical cable must be crossed, the structured cabling should do so at a 90-degree angle. One or more separate cable runs are used to connect an outlet to the distribution panel using a home run or dedicated cable scheme. At least two feet of extra cable length should be left at the outlet end of the cable during rough-in to provide working cable for trim out. At least two feet of cable beyond the distribution panel location, or down to the floor, should be left at the distribution panel location.

Each cable run should be labeled per the wire chart to identify its cable type and intended use. Each cable should also be numbered and the number recorded on its labeling and the wiring plan diagram. Cable hooks can be used to bridge cable runs over areas with no support features, such as across an attic. Aluminum tubing or plastic piping conduits are not required for most home structured wiring, but should be used when the pathway available is too close to electrical wiring or other interference sources. Include a chase of 2-inch plastic piping for future use from key areas.

The structured wiring distribution panel is the central hub for the communications lines and connections in a home. It serves as the interconnection point between service lines that enter the home and the cabling that distributes the various services to the rooms of the house.

Performing continuity testing checks each cable for any crimps, breaks, or other installation problems that may have been introduced when the cable was pulled into the walls or when the drywall was hung. A cable with poor or no continuity should be replaced; it is just not good practice to leave a spliced cable in the wall of a structured wiring installation. A voltage meter or cable tester is used for this testing.

A formal test procedure that incorporates the TIA/EIA TSB-67 and TSB-95 should be used to test all structured wiring cable installed for use with a data network. The TSB-95 standards specify the following standard testing procedures: attenuation test, length test, NEXT test, and wire-map test.

The distribution panel provides the interconnectivity of the structured wiring system, along with versatility and flexibility. It also provides for a single access point for all of the various home technology systems and communication services integrated into a home.

Questions

1. Before beginning the process of pre-wiring a home, what document, form, or chart should be completed?

A. Materials list

B. System documentation

C. User training guide

D. Wire chart

2. What is the recommended minimum separation distance between a structured wiring cable and an AC electrical cable?

A. 6 inches

B. 18 inches

C. 24 inches

D. 12 inches

3. Which of the following cable types is not commonly used for home networking?

A. Cat 5e

B. Cat 3

C. RG6

D. Fiber optic

4. What is the central device in a structured wiring scheme that provides an interconnection between external services and internal cabling?

A. Hub

B. Switch

C. Distribution panel

D. Outlet box

5. What cable test should be performed immediately after installing a structured cable, typically before the cable is terminated?

A. Fox and hound

B. Attenuation

C. Crosstalk feedback

D. Continuity

6. Twisted-pair cabling for a data network is terminated with what type of connector?

A. RJ-11

B. RJ-45

C. IEEE 1394

D. EIA/TIA 568

7. What termination method is used to terminate twisted-pair cabling at the distribution panel?

A. 66-style

B. 110-style

C. EIA/TIA 570

D. Telco standard

8. Which standard should be used when terminating twisted-pair cabling for residential data networking use?

A. IEEE 802.3

B. EIA/TIA 568a

C. EIA/TIA 568b

D. EIA/TIA 570

9. Which of the following EIA/TIA standards specifies transmission performance standards testing UTP cable?

A. 568a

B. 568b

C. TSB 67

D. 570

10. Which of the following tests measures how much of a transmitted signal is present on other wire pairs in the same cable?

A. Attenuation

B. Length

C. NEXT

D. Wire-map

Answers

1. D. The wire chart summarizes the cabling to be installed and identifies the placement and purpose of each cable run, something that should be understood clearly before beginning the pre-wiring of a home.

2. C. Although the recommended distance is 6 to 24 inches between structured wiring and electrical lines, the minimum distance should be 24 inches to avoid interference from 240 V lines.

3. B. Cat 3 cable doesn’t provide enough bandwidth to handle today and tomorrow’s system requirements. The other cable types listed as choices are structured wiring cable types.

4. C. Hubs and switches are connectivity devices used primarily for data networking. Outlet boxes are used to mount terminators and connectors to cable runs.

5. D. A continuity check verifies that the cable is free of breaks and shorts end-to-end. The other choices are cable tests that are used for locating, identifying, and verifying cable performance capabilities.

6. B. An RJ-11 connector is used with standard telephone (2-wire) connections; IEEE 1394 is commonly known as FireWire; and EIA/TIA 568 is a business environment cabling standard.

7. B. The 110-style punch-down type block is used to connect TP cable to RJ-45 connectors as well as distribution panels and patch panels.

8. B. EIA/TIA 568a is the cabling standard recommended by the residential data network cabling standard, EIA/TIA 570.

9. C. TSB 67, along with TSB 95, are the testing standards required by EIA/TIA 568 and 570.

10. C. Near-end crosstalk (NEXT) tests to see if pairs or wires in the same cable are interfering with a signal transmitted on a wire in the same cable.
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