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Introduction

This book offers a unique approach to home improvement, maintenance, and repair. It describes how virtually everything in a house is put together, and how each item functions – from plumbing to electrical, heating and air conditioning, appliances, doors and windows, and even the home's foundation and wood framing.

The key to the book is the easy-to-understand, see-through drawings. Each one is backed up by clear, brief explanations from a nationally known home improvement expert. It's a formula for a quick understanding of what you're dealing with when troubleshooting a problem, talking to your repairman, or planning your new home, addition, or remodeling project, and selecting new fixtures, appliances, or materials.

The illustrations show how the components of a system fit together and how each item is intended to function – whether it's an air conditioner, a hot water heater, the foundation, or a faucet. The author breaks down the workings of all of the plumbing, electrical, and heating/air conditioning systems, and other house parts, and shows not only what the parts look like and how they interact, but the sequence in which things work. Even complex systems are explained in simple terms and diagrams.

Throughout the book, you'll also see “Before Calling for Help” boxes – guidance on simple things to check, in many cases solving the problem quickly and inexpensively without having to hire a repairman. If you do find that you need a contractor or serviceman, the book will help you understand your options and be better informed about having the correct elements installed or replaced.

Maintenance tips and other helpful guidance throughout the book will help you keep your home running smoothly.

Not only homeowners, but handymen and contractors will benefit from the easy-to-interpret information presented here, especially for getting up to speed on items that are not their specialty.

If you would like the confidence of knowing more about how your house works and what to do if something breaks down, read this book. It just may change your life.





Note: This book is intended to provide useful information for understanding the systems, fixtures, and appliances in a house, but it is not a substitute for professional construction, engineering, or repair evaluations, recommendations, or services. Readers should obtain assistance from appropriate experts, as needed.


About the Author

Charlie Wing is a nationally recognized home improvement/repair expert. He has written or co-written more than 20 books on these topics, including Home Depot's Decorative Painting, Tiling, and Plumbing 1-2-3 books, Better Homes & Gardens' Complete Guide to Home Repair, Taunton Press's The Visual Handbook of Building and Remodeling, Reader's Digest's The Big Book of Small Household Repairs, and many others, including Ortho's Home Improvement Encyclopedia and How to Build Additions.

An MIT PhD, Charlie has been a guest more than 400 times on home improvement radio and television shows, including on the Discovery Channel, PBS, and NBC's Today Show.  He developed and hosted a national PBS series on home remodeling for energy efficiency. He was founding and technical editor for Smart Homeowner magazine from 2001 to 2004.


A Note from the Author

After observing neighbors, friends, and family through decades of home ownership, I'm convinced that most of today's homeowners live in a perpetual state of anxiety. The log cabin with a privy, a fireplace, and a bucket for hauling water has been replaced by homes with sophisticated wiring, plumbing, and appliances. What happens if something goes wrong?

No wonder we live in fear. While school has taught us math, foreign languages, and computer sciences, most of us have no idea how our furnace, refrigerator, or even kitchen faucet works. This is an expensive omission in our educations. In metropolitan areas, the minimum charge for a plumber or appliance repairperson to come to your home is about $150. In fact, repair services are now so expensive that the leading consumer magazine recommends replacing, rather than repairing, appliances over five years old.

Why don't more people attempt simple repairs themselves? Because they're convinced that only professional tradespeople have the required tools and special knowledge. The truth, however, is the opposite. Let me tell you my favorite home repair story.

A few years back, I was visiting a friend who happened to own a plumbing repair service. His considerable success was built on the promise that a repair would be accomplished the same day, or the repair would be free. He had built a fleet of 75 trucks and licensed plumbers on that simple promise.  The promise also allowed him to charge a minimum of $150 just for showing up.

During my visit, my friend's dishwasher began making a strange whirring sound. Convinced that the sound indicated an impending complete breakdown, he called the repair center listed for the brand.

A day later the doorbell rang, and there appeared an appliance repairman with an intimidating tool belt and service manual the size of the New York City phone book. Before starting repairs, he informed my friend he would have to sign a work order agreeing to a minimum charge of $150, regardless of the problem or the success of the work.

That agreed to, my friend said, “The dishwasher makes a weird whizzing sound, like the motor bearings are gone.”

Without a word, the repairman plucked a simple Phillips screwdriver from his tool belt and unscrewed the perforated cover of the dishwasher's drain. He reached in with two fingers and plucked out a pistachio shell. “Here is the culprit,” he beamed.

He replaced the drain cover and turned on the machine. The noise had disappeared. “That will be $150,” the serviceman said.

Now what enabled the serviceman to go so directly to the problem?  First, he understood how a dishwasher worked—that, for example, it had a drain and a pump impeller to circulate water. Second, he knew from experience that well over half of all appliance “repairs” involve tightening a loose connection, adjusting a screw or knob, or removing a foreign object.

When you go to a doctor with a complaint, the result is most often the same. The doctor has studied anatomy. He or she knows what is inside you and how your different parts relate. Most often the prescription is, “Go to bed, stay warm, and drink lots of water,” not, “I think we'd better replace your heart.”

These two principles: that repair requires understanding how things work, and that many repairs are surprisingly simple, are what led me to create this book. I hope that it saves you many times $150 and relieves some of your homeowner anxiety.


Chapter 1

Plumbing

If you are like most homeowners, the maze of hot and cold supply pipes and waste pipes in your basement resembles nothing more meaningful than a plate of spaghetti. This chapter will show you that, in fact, your house contains three separate systems of pipes, all making perfect sense.

Understanding their purpose and how each one works will enable you to decide which projects are in the realm of a homeowner, and which ones require a plumber. If you're planning to build a new home or do major remodeling, this chapter will also help you to visualize the plumbing requirements, and how they'll fit into your space.

A visit to the plumbing aisle of your local home center will show you that do-it-yourself plumbing repair has never been easier. There you will find kits, including illustrated instructions, for just about every common repair project.

Plumbing is not dangerous, unless you're dealing with gas pipes.  In fact, call a licensed professional if your repair or installation involves any change to existing gas piping. But plumbing mistakes can be damaging to the finishes and contents of your home, just by getting them wet. The force and weight of water are also something to be reckoned with, if many gallons flow where they should not. Before starting a project involving the supply system, locate the shut-off valve for the fixture you're working on. If you can't find one, shut off the main valve where the supply enters the house.

The Supply System

How It Works
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The supply system is the network of pipes that delivers hot and cold potable water under pressure throughout the house.


1. Water enters underground from the street through a 3/4" or 1" metal pipe.  In houses built prior to 1950, the metal is usually galvanized steel; after 1950, copper. In the case of a private water supply, the pipe is usually polyethylene.

2. If you pay for water and sewage, your home's usage is measured and recorded as the water passes through a water meter. If you find no meter inside the house, one is probably located in a pit between the house and the street. You can monitor your consumption, measured in cubic feet, by lifting the cap and reading the meter.

3. Next to the water meter (before, after, or both), you will find a valve, which allows shutting off the water supply, both cold and hot, to the entire house.  If you have never noted this valve, do so now. When a pipe or fixture springs a leak, you don't want to waste time searching for it.

4. Water heaters are most often large, insulated, vertical tanks containing from 40 to 120 gallons. Cold water enters the tank from a pipe extending nearly to the tank bottom. Electric elements, a gas burner, or an oil burner heat the water to a pre-set temperature. When hot water is drawn from the top, cold water flows in at the bottom to replace it.

If the home is heated hydronically (with circulating water), the water heater may consist of a heat-exchange coil inside the boiler, or it may be a separate tank (BoilerMate) heated with water from the boiler through a heat exchange coil.

Wall-mounted tankless water heaters provide a limited, but continuous, supply of hot water through a coil heated directly by gas or electricity.

5. Supply pipes—both cold and hot—that serve many fixtures are called “trunk lines,” and are usually 3/4" in diameter. Pipes serving hose bibbs and other fixtures with high demands may be 3/4" as well.

6. Pipes serving only one or two fixtures are called “branch lines.” Because they carry less water, they are often reduced in size to 1/2" and, in the case of toilets, 3/8".  Exceptions are pipes serving both a shower and another fixture.

7. Every fixture should have shutoff valves on both hot and cold incoming supplies. This is so that repairing the single fixture doesn't require shutting off the entire house supply at the meter valve.

8. A pressure-balanced anti-scald valve or thermostatic temperature control valve prevents the hot and cold temperature shocks we have all experienced when someone suddenly draws water from a nearby fixture. They are not inexpensive, but they provide insurance against scalds and cold-water shocks, which may trigger a fall in the elderly.

9. “Fixture” is the generic plumbing term for any fixed device that uses water.

Drain pipes are sized according to the rate of flow they may have to carry. One fixture unit (FU) is defined as a discharge rate of one cubic foot of water per minute. Plumbing codes assign bathroom sinks (lavatories) 1 FU, kitchen sinks 2 FU, and toilets (water closets) 4 FU.



The Waste System

How It Works
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The waste system is the assemblage of pipes that collects and delivers waste (used) water to either the municipal or private sewage system.


1. The pipe that drains away a fixture's waste water is its drain. The minimum diameter of the drain is specified by code and is determined by the rate of discharge of the fixture.

2. Each and every fixture drain must be “trapped.” A trap is a section of pipe that passes waste water, but retains enough water to block the passage of noxious sewer gases from the sewage system into the living spaces of the house.

3. Toilets (water closets) have no visible trap, but one is actually there, built into the base of the toilet.

4. The horizontal section of drain pipe between the outlet of a trap and the first point of the drain pipe that is supplied with outdoor air is called the “trap arm.” The plumbing code limits the length of the trap arm in order to prevent siphon action from emptying the trap. The allowed length is a function of pipe diameter.

5. As with a river, the smaller tributary drain pipes that feed into the main “house drain” are called “branches.”

6. The largest vertical drain pipe, extending from the lowest point through the roof, and to which the smaller horizontal branch drains connect, is called the “soil stack.” The term “soil” implies that the drain serves human waste. If it does carry human waste, and/or if it serves enough fixture units, it must be at least 3 inches in diameter. In a very horizontally-extended house, there may be more than one soil stack.

7. The largest, bottom-most horizontal waste pipe is the “house drain.” In a delicate balance between too-slow and too-rapid flow of waste, the house drain (and all other horizontal waste pipes) must be uniformly inclined at between 1/8" and 1/4" per foot. In a basement or crawl space, the house drain is usually exposed. With a slab-on-grade foundation, the house drain is beneath the slab.

8. To facilitate unclogging of drain pipes, Y-shaped “cleanouts” are provided. At a minimum, there will be a 4” diameter cleanout at the point where the house drain exits the building. This cleanout is utilized when tree roots invade the exterior drains and special drain-reaming equipment must be called in to cut the roots. Additional cleanouts are required throughout the waste system for every 100' of horizontal run and every cumulative change of direction of 135 degrees.

9. Waste pipe outside of the building line is termed the “house sewer.” It is always at least 4" in diameter.



The Vent System

How It Works
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As you can see in the section Traps & Vents, fixture drains must be kept at atmospheric pressure so that the water seals in their drain traps are not siphoned away, thereby exposing the interior of the house to noxious sewer gases. The vent system consists of the pipes that relieve pressure differences within the drain system.


1. All plumbing fixtures (things that use and discharge waste water into the drain system) possess traps. To prevent waste water from forming a siphon during discharge, air must be introduced into the drain pipe near the outlet of the trap (maximum distance determined by the drain pipe diameter).

2. The primary vent is part of a large-diameter vertical pipe termed the “stack.” Below the highest point of waste discharge into it it is the “waste stack.” Above that point it is the “vent stack.” If a waste stack also serves one or more toilets (and it usually does), it is sometimes called the “soil stack.” Because it provides a direct air passage to the municipal sewer pipe or private septic tank, a vent stack must be terminated in the open air. And to keep the sewer gas as far as possible from people, it is usually terminated through the roof.

3. The permitted length of drain pipe from a trap to a vent (the trap arm) is specified by code as a function of the pipe diameter. If the horizontal run of the drain is very long, a smaller-diameter vent stack is usually provided close after the trap.

4. Another solution to the too-long horizontal drain is to break it into legal lengths with “revents.” To guarantee that they are never blocked with water, revents connect to the vent stack at least 6" above the flood level of the highest fixture on the drain. A horizontal drain may be revented as many times as required.

Where reventing is impractical—such as in the case of an island sink—a “loop vent” can be provided. The loop vent (also known as a “barometric vent”) does not connect to the vent stack. Instead, it provides pressure relief simply by the volume of its contained air.

Another solution, allowed only for single fixtures in locations precluding regular venting, is the “automatic vent.” This is an air check valve, which allows house air to flow into the drain, but prevents sewer gas from escaping.

5. A vertical vent pipe is allowed to serve as a combined waste and vent, provided its diameter is sufficiently large. Sections of pipe serving both purposes are called “wet vents.”

6. The air in vent pipes is at 100% humidity. In northern states, where the average daily temperature is below freezing for extended periods, frost can build up on the inside of exposed vents. To avoid complete frost blockage, local codes may specify a larger diameter for the section of vent above the roof. In addition, so that snow does not cover the vent pipe, a local code may also call for a vertical extension of the pipe beyond the code minimum of 6".



Lavatory Pop-up Drain

How It Works
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Before Calling a Plumber

To adjust the height of the stopper, loosen the clevis screw and reposition the lift rod, or move the end of the pivot rod to a different hole in the clevis.

If the stopper won't remain in the open or closed position, tighten the retaining nut to grip the pivot ball more firmly.

To remove or replace the pop-up stopper, or to insert a drain auger, unscrew the retaining nut, remove the pivot rod, and lift the stopper out.

Replacement kits are available for entire pop-up assemblies at hardware stores and home centers.



Sink Drain
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Before Calling a Plumber

If you have cleaned the rubber disk at the bottom of the strainer basket, and the sink still will not retain water, replace the strainer. Replacement strainers can be found at any home center.

If your ring or other small item has accidentally gone down the drain, place a pot beneath the trap and remove the cleanout plug. If the ring is not in the pot, it is gone forever.

If you replace the sink, it is best to replace the entire drain assembly down to the trap. If you want to keep the old drain, however, at least replace the two slip washers.

To clear a clogged sink or lavatory drain, remove the strainer basket or the pop-up stopper, and insert a sink auger as far as it will go. Turn the auger clockwise while pulling it out.



Plunger-Type Tub Drain

How It Works
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Before Calling a Plumber

If the tub won't retain water with the drain lever up, chances are the plunger is either too high or too low to block the drain completely. Remove the overflow plate and plunger assembly. Shorten or lengthen the adjustment rod, reassemble, and try again. If the adjustment makes the leak worse, readjust the rod—this time in the opposite direction.

If the tub drains too slowly with the drain lever down, the drain is probably clogged. Remove the overflow plate and plunger, and feed a drain auger down the opening to clear the blockage.



Pop-up Tub Drain

How It Works
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Before Calling a Plumber

If the tub won't retain water with the drain lever down, and the stopper is firmly seated, replace the rubber stopper seal.

If the tub drains too slowly with the drain lever up, remove the stopper assembly. Turn the stopper counter-clockwise several turns to increase its height, and retighten the stop nut. Replace assembly and test the flow.

If the tub still drains too slowly, the drain is clogged. Remove both drain lever and stopper assemblies, and feed a drain auger down the drain lever opening to clear the blockage.



Gravity Flow Toilet

How It Works
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Before Calling a Plumber

If the toilet leaks around its base, replace the wax ring.

If it runs continuously, remove the tank top and lift the float arm. If the sound of water escaping from the fill valve stops, adjust the clip on the float cup so the float arm rises sooner. If the fill valve closes, but water still runs into the bowl, replace the flapper. If the fill valve won't stop making noise, replace the whole fill-valve assembly.

A broken or disconnected lift chain can be repaired with a small plastic wire tie.



Traps & Vents

How They Work

P-Trap

Older homes may contain many types of traps. (See “Prohibited Older Traps.”) Of all the traps, the “P” has proven most successful at resisting siphonage, so most codes now require it.

The reasons for its success are:


1. the depth of its water seal, and

2. its horizontal trap arm. Unless the arm is long enough to cause a friction backup to the top of the pipe, a siphon is never formed.
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Water Closet Trap

Invisible to the eye, the water chambers inside a toilet base actually form an S-trap.

S-traps have been generally banned due to their propensity to siphon, leaving an imperfect water seal against sewer gases. The toilet gets around this problem by diverting a small flow of water to the bowl through the fill tube while the tank is refilling. (See “Gravity Flow Toilet.”)
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Maximum Trap Arm

Just as with a river, friction causes flowing water to back up. If the water in a trap arm (the horizontal section of drain pipe between the outlet of the trap and the vertical drain) were to back up to the top of the pipe, a siphon would exist.  In a siphon, the moving slug of water and absence of air create a suction, which can empty the water from the trap.

As a result, plumbing codes specify the maximum length of trap arm allowed for each pipe diameter. (See following table.)

[image: 2.1]

Prohibited Older Traps

If you live in a home built prior to 1950, look in the basement under your plumbing fixtures. If your plumbing hasn't been updated, you will probably find several examples of the now-banned traps shown in the following illustrations. They are banned because, in rare instances, they may lose their water seals.

However, the grandfather provisions of the plumbing codes require their replacement with P-traps only in the case of new construction or extensive plumbing remodeling.
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Ball-Type Faucet

How It Works
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Inside the faucet body is a hemispherical recess with a fixed alignment pin and three holes: a cold-water inlet, a hot-water inlet, and a mixed water outlet. The hollow ball (plastic, brass, or stainless steel) is slotted. Moving the faucet handle rotates the ball up and down, and from side to side.

Up-and-down handle motion opens and closes the outlet, thus controlling the flow.

Side-to-side motion uncovers more or less of the two inlets, thus controlling the proportion of hot and cold and the resulting mixed temperature.


Before Calling a Plumber

If the faucet leaks from under the handle, remove the handle and tighten the adjusting ring inside the cap.

If water leaks from under the spout, remove handle, cap, and spout. Replace the two large body O-rings, lubricate with petroleum jelly, and reassemble.

If the spout drips, the rubber inlet seals are likely worn. To replace the seals, remove the handle and cap, and lift out the ball. Pluck out the seals (2) and springs (2) and replace them. If this doesn't work, replace the ball—preferably with a stainless steel one.



Cartridge-Type Faucet

How It Works
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Except for the compression-type, the cartridge-type faucet is the simplest because it has only one replaceable part—the cartridge.

There are dozens of differing cartridges, but all operate on the same principle: the cartridge is moved up and down and rotated to change the alignment of holes in the cartridge and faucet body, thus controlling the amounts of hot and cold water flowing to the spout.

If buying a replacement cartridge, take the old one with you to compare to the dozens you will find at the hardware store or home center.


Before Calling a Plumber

If the spout won't stop dripping, the cartridge is at fault. Remove the cap, handle, retaining nut, and retaining clip. Then extract the cartridge. This may require twisting and considerable force.

First, try replacing the O-rings on the cartridge. Make sure the new ones are identical to the old, and apply petroleum jelly before reassembly. If that doesn't work, replace the entire cartridge.

If, instead, the leak is from under the spout, remove the handle, cap, and spout. Replace the two large body O-rings, lubricate with petroleum jelly, and reassemble.



Disk-Type Faucet

How It Works
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The heart of the disk faucet is a cylinder containing two polished, fire-hardened ceramic disks, each containing two inlet and one outlet ports.

The bottom disk is fixed, while the handle rotates the upper disk, changing the proportion of incoming hot and cold water. Up-and-down handle motion opens and closes the outlet, thus controlling the flow.

Trouble rarely develops between the disks inside the cartridge.  If a leak develops, it is likely due to the rubber seals under the cartridge or the spout O-rings.


Before Calling a Plumber

If the faucet won't stop dripping, remove the handle by loosening its set screw. Remove the escutcheon. Remove the screws in the cylinder, and lift the cylinder out. Take the cylinder to a home center for identification, and replace the three rubber seals on the bottom of the cylinder. After reassembling, lift the handle to its open position before turning on the water supply.

If water leaks from under the spout, remove the handle, escutcheon, cylinder, and spout.  Replace the two large body O-rings, lubricate with petroleum jelly, and reassemble.



Compression-Type Faucet

How It Works
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Compression faucets have separate handles for hot and cold water. At the bottom of each stem assembly is a rubber washer. Turning the handle clockwise screws the stem in and down, reducing the space between the washer and the valve seat at the bottom. Turn the handle far enough, and the washer seats firmly against the valve seat, shutting off all flow.

The water that passes through the washers on both sides is mixed and emerges from the spout.


Before Calling a Plumber

If the spout won't stop dripping, or it requires excessive force to stop the dripping, the rubber washer(s) are worn out. Remove the caps and handles, remove the packing nuts, and turn the spindle assemblies out of the faucet bodies. Replace the stem washers and screws with identical parts, and reassemble.

If water leaks from under a handle, remove the handle and packing nut, and add a few turns of graphite or teflon packing inside the packing nut. Tighten the packing nut just until the leaking stops, and replace the handle.



Tempering Valve

How It Works
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A tempering valve maintains a constant water temperature at its outlet. It is most often found built into shower controls, under kitchen sinks, and after boiler tankless water heating coils.


Before Calling a Plumber

If the temperature of the water from the spout is less than that shown on the control knob, the temperature of the hot supply may be less than the setting.

If that is the case, increase the setting on the hot water source—the water heater.



Tub/Shower Control

How It Works

Compression Type

Tub/shower controls are no different from sink faucets of the same type, with the exception of an additional diverter valve.

Compression-type controls have separate valves for hot and cold supply, with the mixed temperature depending on both.

Disk-type controls have a sliding and rotating disk, which alters the apertures of hot and cold inlets (temperature) and the aperture of the outlet (flow).

The diverter directs the outflow to either the tub spout or the shower head.

[image: 2.1]

Disk Type
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Before Calling a Plumber

If your tub/shower control has two or three handles, it utilizes compression valves. (See “Before Calling a Plumber.”)

If the tub/shower control has a single handle, it likely contains a disk. (See “Before Calling a Plumber.”)



Hose Bibbs

How They Work

Freeze-Proof Sillcock

[image: 2.1]

Common Sillcock
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Before Calling a Plumber

If the sillcock continues to drip when firmly closed (turn handle clockwise to close), replace the washer.

If water drips from under the handle while the sillcock is open, tighten (turn clockwise) the packing nut under the handle. If no amount of tightening stops the dripping, remove both handle and packing nut, and replace the packing.



Pitcher (Hand) Pump

How It Works

[image: 2.1]
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Before Calling a Plumber

The leather plunger and flapper valves tend to dry out if left unused. If pumping produces no water, prime the pump by pouring water into the top of the pump. Wetting the leather softens it, allowing the plunger and flapper valves to form better seals.

If repeated priming produces no results, or if you have to prime after less than an hour of disuse, replace both leather seals.

Soaking the leather in mineral oil before installation will slow the drying process.



Jet Pump

How It Works

Venturi Effect

The jet pump, used to pump water from a well, is based on the Venturi Effect—a special application of Bernoulli's Principle. The principle states that the amount of energy in a fluid flow is constant. If the fluid speeds up, its kinetic energy increases, and its pressure (potential energy) necessarily decreases.

In the jet pump, water is forced through a nozzle, which increases its speed. The jet from the nozzle is an area of low pressure, which then entrains surrounding water flowing in from an inlet.

The flow out of the venturi is picked up by a rotating impeller, which further increases the pressure and flow. Some of the water from the impeller is discharged, but a portion is returned to the nozzle under pressure, thus continuing the process.
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Before Calling a Plumber

If a jet pump fails to pump water, it is most likely air-bound, i.e. there is air in the pipe between the pump inlet and the well.

First, remove the plug from the priming port, and pour water into it until it stops bubbling.  Be patient, as you may need to fill the entire length of pipe down to the level of water in the well. You may have to repeat the process several times.

If the pump still won't draw water, it is likely that the foot valve at the bottom of the well pipe is defective or clogged, allowing the water in the pipe to flow back into the well.



Submersible Pump

How It Works
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The submersible pump is an elegant solution to the problem of lifting water from deep-drilled wells. The 4" diameter of residential-well models allow them to be lowered to the bottom of 6"-diameter wells. Since they push from below, rather than suck from above, these pumps can pump water from as deep as 1,000'. Since they are fully immersed in water, they never require priming and rarely overheat.

Water enters the pump through the intake screen, which filters out large particulates that could damage the pump.

The water is then picked up by the first stage. Each stage consists of a centrifugal impeller and a diffuser. The impeller creates about 15 psi of upward pressure, while the diffuser brakes the water's rotation. Each stage is driven by the same motor and shaft and adds 15 psi to the total pressure. Thus, a 5-stage pump can produce about 75 psi; a 20-stage pump, 300 psi.

In a shallow well, the pump may be suspended only by the 1" polyethylene pipe leading to the pitless adapter near the top of the well. Pumps in deep wells are supported by ropes to take the strain off the pipe's slip fittings.

The pitless adapter is a 2-piece coupling, which allows simple removal of the down- well assembly for repair or replacement.

The pressure switch at the storage tank supplies power to the sump in order to keep the tank pressure between 20 and 50 psi.


Before Calling a Plumber

Submersible pumps, being immersed in water, never require priming. They are, however, subject to abrasion from sand in the well water and burn-out from lightning strikes. (They make an excellent ground.)

A submersible  pump may fail to pump water for several reasons: 1) the pressure switch is faulty and failing to trip; 2) the pressure switch contacts are dirty and not making electrical contact; 3) the circuit breaker supplying the pressure switch has tripped; 4) one of the wires supplying the pump is broken or has a corroded connection; 5) the well is dry; and 6) (most dreaded) the pump has burned out.



Sump Pump

How It Works

[image: 2.1]

House sewer drains usually exit the home above the basement floor level. This poses a dilemma when finishing a basement and adding a toilet. A sewage  sump pump can provide the solution.

The toilet discharges into a plastic sump pit, containing the sewage sump pump. When the mixed solid and liquid waste rises, the float switch turns on the pump, which grinds the waste and ejects it upward through the discharge pipe and into the house drain.

A loop in the discharge pipe and a sanitary check valve prevent back-siphonage of waste from the house drain.


Before Calling a Plumber

Three things can cause a sump pump to stop working:


1. The pump may have stalled, drawing higher current and causing the circuit breaker to trip.

2. An object too tough for the pump to shred may have passed through the toilet and jammed the pump.

3. The pump motor or float switch may have burned out, requiring replacement.





Pressure Tank

How It Works
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In a private water supply, the pressure tank stores water under pressure so that the pump doesn't have to run every time a small amount of water is drawn.

Older tanks were simple vessels in which water entering from the bottom displaced and compressed the air in the tank to create pressure.  A problem with this simple system was that, over time, the water absorbed the air, leaving little cushion. Eventually there was so little cushion that the pump cycled on and off every few seconds, leading to a premature failure.

Newer tanks contain the water in a vinyl or neoprene bladder. The air in the tank is separate from, and cannot be absorbed by, the water. In addition, the tank can be pressurized through an automotive-type fill valve at the top. By pre-pressurizing the tank to 20 psi and setting the pump's pressure switch to 20-40 psi, the volume per pump cycle can be maximized at roughly half the volume of the tank.


Before Calling a Plumber

If your pump turns on before the tank is nearly empty, turn off the pump, let the tank run dry, and pressurize the tank to 20 psi using a bicycle pump.

If the pump is cycling every few seconds, either the bladder has failed, allowing the air to be absorbed, or you have an older-style tank. In either case, replacement is recommended.



Electric Water Heater

How It Works

[image: 2.1]


Before Calling for Help

If you suddenly have no hot water, try pressing the red reset button on the upper thermostat. If, after 10 minutes, you still don't have hot water, check the heater's pair of circuit breakers in the breaker panel.

If the breakers are on and you have a voltage tester, see if there is voltage at the input terminals of the upper heating element. If there is no voltage, the thermostat needs replacing; if there temperature.

If you have some hot water, but not as much as usual, check the lower thermostat and element.

Replacement thermostats and heating elements are available at home centers. Replacement is simple; just follow the packaged directions. Make sure the breakers are off before starting the work.



Gas Water Heater

How It Works
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Before Calling for Help

If you run out of hot water, unless you have failed to pay your gas bill, chances are the water heater's pilot flame has gone out.

Directions for relighting the pilot will be found near or on the access panel at the bottom of the heater. Follow these directions exactly. If the pilot fails to light, or if it won't remain lit, call your gas supplier!



Electric Tankless Heater

How It Works

[image: 2.1]

Gas Tankless Heater

How It Works
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Between 10% and 20% of a water heater's energy use is standby loss-heat leaking out, 24 hours a day, while the heater is just storing hot water. The appeal of the heaters in these two sections is that there is no stored water, thus no standby loss.

To be considered, however, is the limited rate at which they can supply hot water. Read the manufacturer's specifications carefully, and compare them to your needs.

BoilerMate Water Heater

How It Works
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Heating domestic hot water in a boiler with a tankless coil is inefficient during the off-heating season. Much of the heat is wasted through the boiler's limited insulation and up the vent flue.

The BoilerMate hot water storage tank reduces heat losses by half by requiring the boiler to fire only a couple of times a day and by being completely encased in thick insulation.

Solar Water Heater

How It Works

[image: 2.1]

Charcoal Cartridge Filter

How It Works
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Before Calling a Plumber

If your water is beginning to taste unfiltered, the cartridge's charcoal has probably adsorbed all it can.

If the water tap is beginning to run slow, the cartridge has probably become clogged with sediment.

In either case, it is time to replace the cartridge. Place a bucket under the filter. Shut both inline valves, isolating the filter. Press the button on the housing to relieve the internal pressure. Remove the bottom housing by twisting counter- clockwise (this may require a special wrench), and lift out the old filter.

Wash out the housing, and insert a new cartridge and O-ring (first wiping O-ring with petroleum jelly). Replace the bottom housing by twisting clockwise until hand-tight.

Open the two inline valves, and run water at the tap until it runs clear with no bubbles.



Tank Filter

How It Works

[image: 2.1]


Before Calling a Plumber

A tank generally filter-treats all of the water consumed inside the home. The units are typically sized to filter 100,000 to 300,000 gallons, or last 1 to 3 years before replacement.

More expensive units may have a backwash capability, where the water flow is periodically reversed, and the waste water is discharged into a drain.

Other expensive models separate the filtering into two units: the first (replaceable cartridges) for sediment, the second (non-replaceable tank) for chemicals, taste, and odor.

If you have the simple non-replaceable tank shown, shut the two inline valves and open the bypass valve. This will allow you to draw water until the filter tank can be replaced.



Water Softener

How It Works
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Recharging the Resin
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Before Calling a Plumber

If your water gradually turns hard again and never regains softness, check the brine tank. It may have run out of rock salt. (You can buy more at the hardware store.)

If there is plenty of salt left, check the water level in the brine tank. It should be about halfway up the tank. If not, add water directly to the tank.

If your water hardness cycles on a regular schedule, resin is becoming saturated, and the controller must be reset to recharge more often. See the operator's manual for instructions on resetting.



Reverse Osmosis Filter

How It Works
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Before Calling a Plumber

If the production of treated water slows noticeably, the sediment filter is probably clogged and must be replaced.

If replacing the sediment filter did not correct the loss of production, the RO filter may be fouled and require cleaning or replacement. Refer to your owner's manual.

If the water begins to taste or smell of chemicals, the charcoal filter may be used up and require replacement.



UV Purifier

How It Works
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Before Calling a Plumber

Unless the UV canister contains a viewing port or a UV monitor, there is no way to tell if the UV lamp is working. To make sure it is, replace the bulb annually.

If the production of treated water slows noticeably, the sediment filter is probably clogged and must be replaced.

If the water begins to taste or smell of chemicals, the charcoal filter may be used up and require replacement.



Fire Sprinklers

How They Work

[image: 2.1]

An unvented fire in an enclosed space produces heated air, which, because warm air is buoyant, rises to the ceiling. The air temperature at ceiling level steadily increases until it reaches the design temperature of the sprinkler head. This temperature, about 150F, is well below the danger point for human respiration and the ignition points of furnishings and construction materials.

As soon as the closest sprinkler triggers, water striking the fire evaporates, absorbing its latent heat of evaporation and cooling the air and burning material. (Recall the cooling effect of a rain shower on a hot day.) Deprived of heat, the fire is usually extinguished.

Unfortunately, the sprinkler continues to spray until someone turns it off!

Typical Distribution of Sprinkler Heads

[image: 2.1]
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50 let-in braces to the sil. Long studs (up
to three stories) provided
a dimensionall stable
loase for stucco siding.

a rioband provided (6) Before 48" x 96" panel

extra support for sheathing, framing spacing
‘was atbitrary. Overlapping
joists were common.

from basement to attic,
make insulating and
frefighting cificut (5

() wricging between floor oists spread concentrated
loads to adjacent oists, increasing stfiness
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(1) Roof plarks support the roof Ioads and provide:
a fnshed ceilng. The thickness of the planks
allows spans of between 4'and 12"

Rafters are large beams supporting the
roof planks. The exposed beams
provide an architectural element

(3) possarecty ncir
each rafter carry roof
loads downward.

Asingle or doubled top plate
ties the tops of the stud and!
posts together.

Studs create cavities for insulation
and provide naiing surfaces for
interior and exterior skins.

(6) Fioor planks support
fioor boads and may
Floor beams carry the floor provide a fiished floor
loads and are typically
made of standard 9x lumiver

Adbottom plate:
ties the bottoms
ofthe studs and
posts together.

The sil, botted to the foundition, ties
the entire frame to the foundation to prevent
movement due to wind or an earthauake.
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6) The detector sounds an alarm when CO reaches:
100 ppm for 90 minutes
200 ppm for 35 minutes

400 ppm for 15 minutes
The positive ion flow requires

an equal and opposite flow

of electrons through the wire
connecting the electrodes.
This current produces a voltage
drop across the resistor

CO molecules pass
through the membrane,
take an O atom from a
water molecule (H;0),
oxidize into COy, and
release two H* ions.

The H* ions migrate to
the opposite electrode
where they regain their
O atoms and become
water (H0).

[ |

The battery-powered potentiostat (1) The number of reactions and magnitude
maintains constant voltages (diriving of current are directly proportional to
forces) among the three electrodes. the concentration of CO in the air.
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Al framing, including rafters, joists, and studs,
s spaced 16" on-center to conform with
48" x 96" sheathing panels. (q

Closed stud cavities
faciltate insulation
and eiminate fire
stop fequirement.

ok e 6) Structural sheathing panels
ptr e repiace board umoer for
3 all applications except trim.

Structural sheathing

at corners provides
oracing against wind
and eanthauakes. (4

Underlayment structural
floor sheathing provices
smooth subfioor for
sheet flooring. (5

) steel columns, often with screw
Jjacks, replace wood posts.
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AA Dattery provides ‘Opposite charges attract, so the
a vottage difference ions and electrons are attracted
detween the tvo to the charged metal plates,
metal plates of the resulting in an electric current

ionization chamber.

The circitry of the smoke
alarm detects the drop in
current and soundss the alarm

The alpha particles
knock electrons out of

oxygen and nitrogen Atiny amount (0.0002 grams)
atoms, resulting n free of the radiactive element,
electrons (-) and oxygen Americium-241, constantly
and nitrogen ions (+). ‘emits alpha particles.

Smoke particles enter the ionization
chamber and attract the ions and
electrons, neutralizing them and
reducing the electric current.
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UV photons strikie a phosphor coating, causing
photons to be re-emitted as white light

(8) When struck by high-speed electrons,
mercury atoms emit photons of UV fight.

(3) tectrons are “oolled” off the hot electiode
and accelerated by the voltage difference.

At turn-on, the ballast transformer applies
a high current to, and a voltage difference
etween, the two electrodes

(1) A small quantity of mercury provices
mercury atoms in vapor (aseous) form.
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Sensor

(under
Fresnel
lens)

Control

settings

(under
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Mode
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Operating
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(6) White light rays

0 Phosphor
converts blue

Blue LED emits to white.

blue photons.(3)
(5) Focusing cup

reflects light.

upward.

Cathode lead is

connected to

negative side of o Anode lead i
power supply. 9 connected to

positive side of
power supply.
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Spiral fluorescent bulb

Electronic ballast

Screwbase
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‘Water temperature increases
asthe water siowly rises
through the sun-warmed

A solar cel measures /

the amount of solar i i In dosence of sun, the

energy available. 4 ) controller can turn on a
fueled pool heater and
signal the diverter vaive

Using solar and pool water Ll to direct flow through it

temperature, the controller

dletermines if solar heating

is feasiole and signals

A pool sensor measures the
temperatre of pool water. (9)

(8) The civerter vave
sends the pumped
water to the solar
collctors

(6) Heated water retuns
o the pool.

backflow of cool water.
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Individual LEDs behind
array of lenses @

AC/DC rectifier
insidle bulo
makes DC to

power LEDs,

Screwbase (9)
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Spring
Stopper seal
Pop-up stopper

Tailpiece
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Roof, pitch:
<4712, 90 psf

4-19/19, 16 psf
>19/19, 12 psf o

(1) Attic fioor:
No storage, 10 psf
Storage, 0 psf

Becooms, 30 psf (4)

(3) Balcony, 60 psf

Stais, 40 psf (6)

Living spaces other than
oectooms, 40 psf (). (2) Deck, 40 psf
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Note that water flowing into
the overflow hole drains through

a hole in the drain body even
if the stopper is closed.

The pivot ballinits socket acts
a5 a fulcrum, causing the inner
end of the pivot rod to rise,

in tum raising the pop-up
stopper.

(1) When the lft rod is pushed

down, the clevis pushes down
on the end of the pivot rod.

Water drains under the pop-up
stopper, past the fluted stopper
shaft, through the trap, and out
to the house drain.

Alter the sink has emptied, a
small amount of water remains
in the trap, preventing sewer
gas from rising into the house.
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Roof:

light roofing, 10 psf
Medium roofing, 15 psf
Heavy roofing, 20 psf 0

Exterior Wall: 10 psf 9 @ Ceiling:

No storage, 5 psf
Storage, 10 psf
nterior Wal: 10 psf ()

(5) fioor: 10psf
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Overflow plate

Drain lever

Overflow opening
Lock nut
Adjustable litt rod

p-trap
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(1) When the rain lever is raised, the lft rod pushes down
on the spring, which pushes down on the end of the
rocker arm.

(@) The opposite end of the rocker arm rises,lting the fiutedt
stopper, which allows water to escape into the diain

After the tub has drained, a small amount of water remains
in the trap, preventing sewer gas from rising into the house.
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(1) When the diain lever is pushed diown,
the lft roct pulls the plunger up.

(2) With the plunger no longer acting as a
cfain stopper, water drains from the tub,
through the P-trap, to the house ciain.

(3) Adter the tuo has drained, a small amount of water remains
in the trap, preventing sewer gas from rising into the house.
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FROM INSIDE

Gap at top on ether sde”

*Ifgap on either side >1/4"
panel must use fish mount
shown atright.

A

Hmin

Wimin

Plywood trisngle.

VIEW FROM TOP
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o ‘Warmer than ambient
moving body

Voltage output
of sensing circuit
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The curvature of a bending beam
causes its top-most fibers to
compress, and its bottom-most
fibers to elongate.

The difference in fiber lengths
results in adjacent layers shearing
past each other.

A beam of half the depth has a
quarter of the bending strength,
so the separated beams break.





OEBPS/images/c02f035.jpg
. /® The variable resistor controls how

© quickly the voltage rises across the
BULB firing capacitor
Varidble
resistor
smoothing Atriac is symmetrical, so the blocking/
capacitor Triac conducting action repeats on the

negative half of the cycle.

\® When the capacitor voltage reaches

the threshold voltage of the triac, the
triac conducts current to the bulo.

It continues to conduct until the line
voltage passes through zero,

Voltage increases from To prevent vibration of the bulo's flament,
Zero on the hot wire to the dimmer includes a smoothing capacitor
the dimmer switch. ‘and a choke coil to smooth the on/off spikes.
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Junction box

Hot wire
Cable
Neutral wire
Wire nut
Grounding wire

Adjustable crossoar

Mounting
screw

Hot wire Neutral wire
Thermal
insulation

< Canopy

Globe screw

Brass screw Siver screw

Mounting screw Socket

Bulo

Globe
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Anti-frost
thermostat control

Stale inside:
air, 30°F

Exhaust fan

Stale inside:
air, 70°F
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Juncton box ————a{
Hot wire

Cable

Neutral wire
Wire nut
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Lock nut
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Screw
Securing ing collr
Fixture wire threacled
through chain

Swag chain
(cutto length)
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four edges
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SERIES OF RECEPTACLES

SPLIT-SWITCHED RECEPTACLE
(top receptacle switched)

SPLIT-CIRCUIT RECEPTACLE
(two separate circuits)
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Nailing fin makes installation
simple and ai-tight
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appearance
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Nailing fins on all four
edges efiminate the:
need for shimming.

Metal insect screen,
removable from inside,
lices up and drops
nto channels.

Screen spline holds
screening in place 9 Replaceable:
weatherstios
(6) Snop-nvinyl
traditional look. 6 glazing bead

allows gazing

B lacement
Reinforced interlocking from verr

meeting rais increase

nsulating spacers
ncrease Rovalue.

Doudle-pane insulating
glass with choice of
low-gain or high-gain
low-e coating fesults
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(1) Al eciges of sash
require weather-
Stripping.

(2) concealed sash
weights balance
weight of sash

rals recire sash
lock and weather
stripping.

(@) sngle giazing

Window unitis
shimmed vertical
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SPUFCIRCUT RECEFTACLE

Jumper removed on thi sicle.

Note: white wires may be used instead of black wires,
out only ifthe ends are taped or painted black.

LIGHT IN MIDDLE OF CIRCUIT

UGHT AT END OF CIRCUIT
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Cables from the bottom of
each side of the door run
throush pulleys and attach
to giant springs, acjusted to
compensate for 90% of the
weight of the door

‘When the trolley strikes either the
‘open- or close-imit switch, the
control tums the motor off

The trolley puls on the angled
fft arm, which pulls the top of
the door up and back.

(8) e segmented door rides door
tracks a either side on rolers.

| An increase in closing resistance o interrupting
the safety beam during closing signals the:
controller to reverse the motion.

The drive motor turns a
loett, chain, or long screw
housed in the traveler ral

The control modue receives an
“open’ command from a wall
switch or a remote control
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The long tang extendss through a
rotating siot n the latching mechanism
and into the thumb tum.

The thumb tum can (3)
also drive the tang

and latch to lock the
door from inside.

The tang feeds through the spindle.
and connects the lock cylinder to
the lock button of the inside knob. (Q)

The spindie feeds through a square (3)
hole in the latch mechanism, allowing
either knob to open the latch.

The beveled end of the latch bolt retracts
the bolt automatically when the door is closed.

The cylinder in most deadbolts
is contained in  housing on the
outside of the door.

(1) The cyfinder in a key-in-knob

lockis contained in the:
outside knob.
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The tang projecting from the — (1) The cyinder rotates
rear of e cylinder diives the inside 3 brass housing.
latch mechanism (next section).

(3) With the cylinder n s locked
postion, the springs dive:
the pins downward, engaging
the cylinder and preventing
rotation.

Inserting a key forces the bevelled
pins upward. If the key fits the lock,
each pin s lifted just enough to

oring the pin ends to the surface:

of the cylinder (the shear piane). ()

Note tht the pin endss are
slightly beveled, allowing
With the pin faces al in the shear plane, — a slight tolerance for wear
the cylinder and tang are free to rotate, and less-than-perfect
civing the latch mechanism. (5 dupiication of the key.
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The grounding wire andi the neutral wire are both connected to the neutral bus, which is further
comnected to ether an underground metalic water pipe or a metal rod dfiven into the ground.

In addition to the “hot” and neutral wires,
there is a bare (sometimes green)
grounding wire, which provides a
b safe path to ground for the metalic
X cases of fixtures and appliances

The oill case is connected ditectly to ground through
the grounding wire, 50 short-circLit current flows to
ground through it rather than through the operator's body.
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Our bodies are conductive, so current

flows from the hot dil case andt hand),
The circuit has a hot (ive) black wire through the chest, to the ground

and a neutral white wire, but no
equipment grounding wire

Inside the diil, the hot wire

CIRCUIT
BREAKER accidently contacts the metal
PANEL case, making the case hot

The wet earth is at ground potential—
the same as the netral wire.
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The wiring between the main panel and the sub-panel
must be sized for the main-panel breaker. The cable
must be an approved type or contained in conait

Like the main panel, the suo-panel
is fed by two hot wires

(red and black) and one

neutral wire (white).

The sub-panel also has two hot
bus bars, fed separately by the

Al grounding wires connect
to the ground bus bar

The ground bus bar is
bonded to the sub-pane!
enclosure with a strap.

(T) The neutral bus bar
insulated from the
sub-panel enclosure.

neutral bus bar.

In a suo-panel, the ground bus bar, fedi by a
‘oare grounding wire from the main pane,
is NOT connected to the neutral bus bar
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The main panel provides a single, convenient location

for the distrioution of power throughout the house.
Sub-panels, fed from the main pane, are sometimes
employed when a large amount of power is used
far from the main panel

The double-pole main

(1) The two hot (black) and neutral (oare) wires enter,
Via the service entrance (SE) cable, flom the meter
and servicedisconnect box outside the buiding.

SE Cable

reaker allows all power
tothe house to be

swredon. @) |

One hot wire feeds Bus A,

the other feeds Bus 8. (3)_|

Smaller circuit breakers
serving individual circuits
are plugged into either

BusAorBsB. ()

Alternating the prongs of
the bus bars suarantees that
adjacent breakers are.
on different buses.

SISHAS T2 S D2 S IO T TR

©

940-VAC circuits are.
created with double-
pole breakers plugged
into both bus bars.

==(9) Both netal (white) and

‘grounding (bare) wires
connect to one of the
neural bus bars.

Ajumper cable o strap connects
the two neutral buses.

Aground cable from one of the neutral buses
connects to a metal water pipe insice the house
andlfor to ametal rod driven into the ground outside.





OEBPS/images/c02f019.jpg
AR

15 Amp
120 Volt
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‘Mounting screw

Neutral (long slot) Hot (short slot)

Silver terminal
(white wire) “ Brass terminal
(olack or red wire)

Jumper tab
(remove to separate)

For cover plate

Ground terminal

(green or bare) Ground

(rounded slot)

Surface ears





OEBPS/images/c02f002.jpg
Electromotive force (volts)
and Flow (amps)

Energy source Control
(power plant)

Load
(Ohms;

Return (ground)
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(@) e utiity power fines
terminate in the home's

reaker panel. from there,
power s distriouted to
indiviciual circuits.

This 120 VAC (Volts Alternating Current)
circuit serves multiple oads (two shown).

Aswitch s used to
place its load into or

out of the circuit. @

60-watt lamp
940 Ohms.

The first load (resistance)
is a 60-watt lamp with
resistance of 940 Ohms.

The number of receptaces and
oads in a circuit s limited only
oy the total current cirawn.

toaster
12 Ohms

Areceptacle provides a
way to plug a load—here
a toaster—into a circuit.
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The current is conducted The current heats the solder.

through the center post, ‘When the current exceeds the
through a bead of solder, limit, the solder melts, and the
then through the wire to spring pulls the wire away,

the shell. 9 boreaking the circuit.

The current enters the fuse through
the bottom center terminal
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Current enters the top terminal

from the hot bus (condlucting bar) The linkage is reset

of the breaker box. with the circuit
With the breaker ON, breakers handle.
current flows through
the closed contacts.

The linkage opens the (6)
contacts, stopping the
flow of electricity.

When the current (5
exceedk a i, the

magnet puls the lever
down, releasig the catch

The current path flows through the coil of an
electro-maanet (3) to the outout terminal (4).
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-240

Voltage between lines:
A-B

KEY: A—Hot
B — Hot (opposite A)
C —Neutral (ground)

One cycle
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Trap larger than
trap arm (drum trap)

Bell trap
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/ Drain lever

|« Overflow plate
-/Li Overflow opening

Lock nut
Threaded adjustment rod

Hollow plunger
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NORMAL OPERATIOPN

Natural gas or propane.
gas enters at a constant
controlled pressure flom
@ pressure eguator. (7

The plezoelectic igiter
produces an electric
arc that ignites the gas. (2)

REDUCED OXYGEN

The pilot flame is precisely tuned
to the gas pressure and the normal
percentage Oxygen in air (21%).

Even a 1% decrease in oxygen causes
the flame to ignite furtherfrom the orifice. (4

OXYGEN DEPLETION

‘When oxygen depletion becomes
ritical the flame misses the thermo-

couple completely, reducing its voltage,
50 the main gas valve shuts offthe gas supply (5

(3 e themocoupie s

heated in the flame,
producing a vottage
which opens the mair
925 supply valve.
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At the end of the spin Cycle, the spin solenoid releases its cam bar,
which moves forward. The cam ramp forces the clutch yoke and
shaft back up, releasing the clutch and stopping the basket.

The clutch lining engages the (7) (6) The cam tar ramp allows
clutch pulley and begins springs to pull the clutch
spinning the basket shaft. shaft and yoke down.
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The agitate solenoid activates and
pushes its cam bar forward,

(2) The “wigwag” oscilltes back
and forth constantly.

The motor
and belt run
constantly.

The bar ramp drops the plunger, (4)
shifting the transmission to “agitate”
and the pump lever to “recirculate.”
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Control buttons select the temperature of the heated air (high, medium, low; or no heat),

while the rotary dlal controls the timing. A humidity sensor (not shown)
may determine degree of dryness. (7))

Air leaving the dirum passes through a lint

fiter before reaching the blower and vent.
The cyincfical drum vmm:s,mmo\nsmc e reschng ’

clothes. (The back face is stationary.)

A door switch turns a
ight on and the dryer () A exiting the crum puls more
off when the door air in through the heater.

(3) The gas burer heats air before:
the air is pulled into the drum.

The blower puls air from
inside the cirum andt
pushes it out the vent.
The bett tensioner maintains

constant tension on the bett diving

the drum, andi allows for stretching with

age andl slipping in case of an overioad. (Q'f

The motor drives the blower
(directly) andi the cium (by the belt). (2)

49) The flame sensor shuts the gs
off if a flame doesn't appear
‘within a few seconds.

A1) The ianiter, a rec-hot wire, ignites the gas.
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Control buttons select the heat cols: high (all), low (half ), air (none),
whie the rotary dial controls the timing. A humidity sensor (not shown)
may determine degree of diryness

The cylindrical drum rotates, tumbling the_
clothes. (The back face doesnt move) (1)

A door switch turns a
ight on and the dryer
off when the door

The belt tensioner maintains constant e
tension on the belt ciiving the drum.
This allows for stretching with age:

andi siping in case of an overload.

The motor ciives the blower (2)

(directly) and the drum (by the belt).

(6) Arleaving the drum passes through alint

filter before reaching the blower and vent.

A exiting the crum pulls more
air in through the heater.

Electric coils warm and ciy the
air passing through the heater.

) The blower, driven by
the motor, puls ai from
inside the drum and
pushes it out the vent
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The clockftimer controls timed baking,
oven temperature, and self-cleaning.

Controls for each surface element
determine the amount of power/heat

The door switch tums on the
oven light when the door
is opened

The plug-in broil element heats

The thermostat controls (B food by radiation

the oven bake temperature.

The plug-in bake element heats
the oven air

A fon cicultes oven o (D) |
for more uniform baking in
"convection ovens.”

re-osded springs (8)
prevent the door from

faling open and allow it
to be left gjar for cooling.
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During wash and rinse cycles;
the solenoid opens the spray solenoid closes the spray
line and closes the drain pipe. line and opens the drain pipe.

During dirain cycles, the
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A pump solenoid opens the drain valve, and the diirty water drains out. (See next section.)
The solenoid closes the ciain valve, and the filjspray cycle repeats for a finse cycle.

When the water just covers the:
heating element, the float switch
shuts off the fl vaive.

Turning the dishwasher on
opens the water fil vaive.

The heating element heats the water to 140°F.(3)

The motor pumps water to the spinning spray ams. (1)

The heating element comes on again to speed the drying process. (7)

The wash/tinse cycle s repeated per the settings of the control panel. (6)
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(onsole
Hot water connection

Lid switch

Drain hose:

illvalve:
Basket
To

Tuo dirain inlet - Agitator
Motor
Drive belt Cuch
Pump

Transmission
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ounng a arain cycle, Alter the arain Cycle, air flows Into the
the shield deflects water shield, preventing drainwater from
down the dirain pipe. siphoning back into the dishwasher.

©)
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Setpoint temperature:
Arr temperature

Current flowing through the:
anticipator—a variable resistor—
produces a small amount of
heat inside the thermostat,
causing it to tum off before

the air temperature reaches

the set point. This prevents

the excess heat in the furnace
or boler from overshooting

the desired temperature. @\

Room air temperature s at or above
the set point. Mercury switch is open.

| (®) temperature crops; bimetalic col

windss to right; mercury moves to right
and closes switch, signaling for heat.

\® Room air temperature rises to the set

point. Mercury moves to left, opening
switch and turning heat off.
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Temperature at or
above set point.
Contacts open.

Temperature
below set point.
Contacts closed
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A thermostat calls for heat, ~ Hot water flows througn ‘The cooled water is

sending a signal to the zone  the serpentine tuoing to collected and returns.

control panel. heat the floor uniformiy. through the zone
Here the tubing has two retum pipe to be
paralel branches. heated again

The control pane

signals the boler
o or gas burner

-~ to prodhuce heat

3) When the boiler reaches 4) The control panel turns on the circulator pump:
its low-limit temperature, and the control valve for the zone. Note that a
the aquastat signals the separate Girculator pump may be provided for
control panel that heat each zone (nstead of zone control vaies).

s available.





OEBPS/images/c03f016.jpg
A thermostat calls for heat, sending a

signal o the zone control panel %

The baseboard
heater warms the
airinthe zone.

(A

Hot water flows
through the zone's

T \
© oy pie o e

baseboard heaters.

The cooled water

returns through the
w il zone retun pipeto

be heated again

The zone controller (3) When the boller (%) The zone controller (8) A BollerMate™ water heater

signals the boler’s reaches s lowimit ~ tums onthe zone's — (see Bmetalic Thermostat section)

oil or gas bumer temperatue, the circultor pump. can be installed as 8 separate heating

to produce heat aquastat signals the zone, o the boller may be tankless,
zone controller. having a domestic water heating coil

within the boiler itcelf
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'en the furnace reaches its low-imit
temperature, the fmit switch tums on

the fumace blower, which sends warm
air to the zone.

1) Athermostat (19) calls for heat
oy sending a low-votage signal
to the zone control panel

The cooler, displaced air in the zone
is drawn into the zone's return duct,
then into the furnace return plenum
to be reheated.

@ Note that ducts running through
Uninsulsted spaces should be
sealed and insulated.

The zone control panel opens the damper
for that zone and signals the oil or gas burer
in the furnace to produce heat.
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Baseboard heating

Units are commonly
placed under large:
windows so the cold,
sinking air is diffused
by the rising currents
of heated air.
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The louver at the top may be adjusted
to control the flow of warm air.

Aline-voltage, double-pole thermostat, (2) Aluminum fins draw heat (3) coolroom airis crawn in at
either on the wall or at one end of the from the heating tube. floor level,is heated by the
baseboard, connects the 920-VAC fins, and rises out at the top,
tubular heating element to its cireuit
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The double-walled pipe is so well insulated and
cooled by the infiow of outside combustion air
ihat it can be placed in direct contact with
construction materias, eliminating the need for
an expensive chimney through the roof. (),

Hot flue gases fise and
exit throuh the inner
ylinder of the douole-
‘wall pipe.

‘Warning: Vent must
be high enough so
that it cannot be

The fire can be tumed on and off blocked by snow.

either manually or by a thermostat.
The thermostat sendis a voltage:
0 the gas control to light the fire.

Combustion air s crawn
in through the outer
Cyinder, coolng the
double-wal pipe and
becoming preheated.

A pilot fame s ignited by a clicking
spark generator, The piot remains
it through the heating season.

Asecond thermostat
senses the temperature
fise in the enclosing
chamioer and activates
a fanto circulate the
‘warm aif o the room.

The freplace can be set up to run
on either propane or natural gas.
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ror safety, the compactor can be
ocked with a keyed switch.(Q) (8) The ram reaches the top limit switch, turning the compactor off.

pressing the control button

on the safety switch. ()

] -(6) The screws pull the “ram”
Trash is placed into clown, compressing the trash
the bag n the crawer. (2) with a force of Up to 5,000 Ib.

(7) The increasing load on the
motor causes it to slow down,
activting a centriugal switch
that reverses the motor.

9 A chain similar to a bicycle
chain connects the motor diive
gear with sprockets on the
ends of two screw jacks.

(D) the drawer i released by stepping on the foot pedl.
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Mold filled with water,
ejection fingers up.

o o
Ice is below freezing,
coil heats mold,
ejection fingers rotate.

(] (]
Stripper fingers guide
cubes into bin.

Cycle repeats.
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(6) The metal walls and meta screen window
reflect raciation back nto the oven.

(B) The tumtable further smooths the non-uniform radiation pattern.
(8) The metal fon biades reflect and scatter the radiation into the oven

The waveguide channels the electromagnetic
waves toward the stirrer fan

The antenna emits the 2.45 Ghz
radiation with a wavelength of
12.94 cm, or 481in.

(1) The magnetron i a high-powered
oscillator, running at a frequency
of 2.45 Ghz (2.45 x 107 hertz).

(9) The magnetron fon blows air
throuh the cooling fns, cooling
the high-powered magnetron.

(8)The control pane is nothing but a timer
clock, turning the magnetron on and off.
The magnetron power level s fixed; so
panel power level settings are fractions
of ON time (1 = 10%, 10 = 100%).

(i [o]=]-]~]

eunssoa
Ounooa

(@) water and fat molecules are dipolar
(having opposite electrical charges),
50 they align with the rapidly alternating
voltage of the radiation. As they fiip

‘oack and forth, they strike each other,
producing heat.
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The clockfimer controls

timed baking, oven

temperature, and 1 (2) tach surface burer has its own control
seff-cleaning. (1) for ignition and flame height.

(6) The door switch tums on the
oven fght when the door
is opened.

The thermostat (B)——— (3) The brol burner heats food
controls the oven by radiation.
bake temperature.

A fan circubtes oven air (1) (8) The bake bumer, under a
for more uniform baking in metal shield, heats oven air.
convection ovens.

Pre-loaded springs

prevent the door from
fallng open and alow it
(© be left ajr for cooling.

Gas shoots from the small holes
in the burner side cown the tube
 the griter, where a spark or
pilot flame causes flame to
shoot back to the burner. ({0)

A manual ges control vaive for each
ourner sends gas from the main
supply down a Venturi tuoe to its burner. (9)
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The cooled liquid flows
through an expansion valve,
expanding into cool,
low-pressure gas, which

(&) Afen clows ar

through the

flows through the

freezer heat exchanger heat exchanger,

(condenser). FREEZER cooling it before
venting it to the
freezer.

REFRIGERATOR

The refrigerant is returned
to the compressor to start

the cycle over again. @

/@ The hot liquid 's
cooled as it flows
voush the bottor

heat exchanger
(evaporaton)

The refiigerant is compressed

into a hot liquid. @_
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With the tap running, food scraps
are fed into the sink cirain

' The motor spins the flywheel rapidlly,
throwing both hammers (pivoting knives)
tis common to crain S and solc materils against the wal.
a dishwasher into
(3) solcs are caught between the moving
aives and the fxed shrecider ring,

Ground solics are grinding the solids into small pieces.

fushed through the:
holes in the fiywheel
and out the cirain.

Most cisposers have a button for
resetting an overloadied motor and an
Allen wrench socket for turning a jammed
fiywheel. (On the bottom, not seen.)
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The geared motor rotates the Stripper fingers prevent the cudes
ejector blades, lifting the cubes. 0 from falling back into the tray. 9

(6) The shutoff am
senses the level
of ice cubes and
stops production
when the bin

is ful

The fllvalve opens
for 7 seconds, filing
the cube mold.

A hester coil comes on just long

enough to release the cubes.

The temperature sensor detects a low
temperature, incicating solid ice cubes. (2)
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FRGN-R Insulating foam

Cold freezer air
Evaporator fan

Cold refigerator air

Evaporator cols —
Defrost heater H
Expansion vaive ———F

Defrost crain tube:

Temperature:
sensing tube

Thermostat

Refrigerant nes

Refrigerator
compartment

Rear panel ———— -

Compressor

Drain pan
Condenser fan
Condenser coils

Kick plate arille
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Btuh/cu.ft. of Heated Volume™

House Construction
Region loose  Averge  Tight
23 19 15
) 34 29 18
" 43 26 29
v 54 32 24
vV 54 32 27

* Assumes heater s controlled by automatic themostat
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INSIDE HOUSE Reversing vaive ‘OUTSIDE HOUSE
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pressure pressure

Compressed
vapor
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valve Xpansior
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INSIDE HOUSE HevEsig vave OUTSIDE HOUSE

Discharge:
pressure

pressure

Compressed
vapor Compressor

Liquid
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NOTE: psig is pounds per square inch gauge. Normal atmospheric
pressure is 15 psi. A pressure gauge measures pressure above or
below atmospheric. Thus, normal atmospheric pressure is 0 psig.






OEBPS/images/c03f004.jpg
A thermostat in the area to be heated
signais the oi burer for heat.

(See Heating Mode image and Direct Vent
Gas Fireplace section)

When the water in the boiler reaches the lowlimit
temperature, the aquastat signals the circulator control
(see Ventiess Gas Heater section) that the water is hot
enough to circulate. If the boiler water reaches a
nigh-mit temperature, the aquastat signals

ihe oil burner to tum off.

(#) The cooled fue gases are collected and
discharged through the exhaust stack.

(3) The hot flue gases rise
through the possages
of the heat exchange,
where they are cooled
as they heat the

boiler water

Circulator pumps force (2) The burner sprays atomized oil and aif nto the
the cooled retur water throush the combustion chamber. The bumers high-voltage
heat exchanger, where it is reheated electrodes ignite the mixture. If the burner's
before being sent through the hydronic photoelectric cell fails to detect flame within

distribution system. a few seconds, the burner is shut down.
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(1) A thermostat in the area to be heated
signal the o bumer for heat.
(See Heating Modie image and Direct-Vent
Gas Fireplace section)

The heated retun air—now callec
*supply air—fiows out from the
supply plenum through supply
dhuctwork to heat the house.

The hot flue gases flow through

the thin-walled heat exchanger

and ext through the exhaust stack

The blower craws air
n through the retum
duct and through the:
heat exchanger, where
tis warmed

Tne fumace ai reaches the lowlmit (%)
temperature, Causing the fan-ancHimit
swich to supply power to the blower.

I andl when the ai reaches a high i,
the limit switch turns the ol burner off

After the thermostat signas the ol (7)) (2) The bumer sprays atomized ol and air into the
foumer to stop heating, the blower combustion chamioer. The burmer's high-voltage
continues untl the furace air cools electrodes ignite the mixture. fthe bumers

o the low limi, and the fimit switch photoelectric cellfais to detect flame within
auts the blower power. afew seconds, the bumer Is shut down.
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temperature, the aquastat signal the circulator control
(see Ventiess Gas Heater section) that the water is

hot enough to circuiate. Ifthe boler water reaches a
highlimit temperature, the aquastat signas the

gas control to tur off.

Circulator pumps (see Ventless Gas Heater section) force the
cooled return water through the heat exchanger, where itis
reheated before being sent throush the hydronic distribution system.

(8) The cooled flue gases are collected and

discharged through the exhaust stack.

Hot fue gases rise through
the honeycombed heat
exchanger, where they are
cooled as they heat the
boller water.

(@) A emostat s e
‘gas control for heat.
(See Ventless Gas Heater
section and Direct-Vent
Gas Fireplace section.)

(2) The gas control sends gas
to the burner assembly,
where itis ignited by the
piot fame.
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After the thermostat signals the gas
control to stop heating, the blower
continues until the furace air cools
0 the low imit and the limit switch
cuts the blower power.

The fumace ai reaches
the low-imit temperature,
causing the fan-anchimit
switch to supply power
 the blower. If the air
reaches the high-imit
emperature, the Imit
switch signals the gas

The cool return air flows
up through the hot heat
exchanger, where tis

The blower Graws air
n through the return
cluct and

furace fiter.

The heated return air—now called
"supply air—flows out from the
supply plenum through supply
ducts to heat the house.

The hot fiue gases rise
through the thin-walled
heat exchanger and exit
through the exhaust stack.

Athermostat signals the
@D 'gss conto or et

(See Heating Mode image
and Direct-Vent Gas
fireplace section)

The gas control sends gas
o the burner assembly,
where it ignited by the.
pilt fame.
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Load-bearing Strength of Soil, psf
1,500 92,000 3,000 4,000

Light frame construction

1-story 12 12 12 12
2-story 15 12 12 12
3-story 23 17 12 12
Brick veneer over wood or 8-inch hollow block
1-story 12 12 12 12
2-story. 21 16 12 12

3-story. 32 24 16 12
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In simple systems, the power wand plugs

into regular wall receptacles. In more
expensive systems, wiring is
integral with the piping. (@)

Piping s standiarch
9-inch PVC. (3

Venting outdoors
allows no dust to

Outlets are located so that
no point in the house is
more than 30 feet away.

reenter the home,
regarcliess of
iter efficiency. (4

The power unit and canister may (5
oe located anywhere. A basement
or attached garage location keeps
the noise level A misimum.

6) A dust bin means
less frequent emptying
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Summer sun
blocked by
overhang

() south facing windows
sized for optimum
solar gain. (5) tightweight, nonheat-
absorbing surfaces in
light reflective colors.

Few windows
except on
south side

Low winter sun shines
‘on dark, massive masonry
surfaces, which store
heat for rater release.

(4) uiicing wel
insulated,
including
foundition
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primer bulb (4)

1. Remove spool retainer from string head. Cut two
9-foot pieces of string. Insert one end of a string into.
hole in upper half of spool. Windin direction of arrows.

starter pull (5

2 push end of string nto a st on upper
fange with 6 inches beyond st

@ ot meriock

8) ot mrock

3. Repeat process with second string
and bottom spool. Push endl of
this sting into opposite siot.

() Assist handie:

(8) Grass deflector

40) Cutter ine
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Drivebelt from Cable from drive

PTO pulley e control bar e

Drive cover
removed

Reduction gear 9





OEBPS/images/c10f011.jpg





OEBPS/images/c09f010.jpg
Spindie assemoly bolts to deck Undersice of
and engages engine output shaft @ mower deck

Power takeoff (PTO) pulley
for dive mechanism ()

Blade—cutting

edges face up
toward mower

Flat washer
Lock washer

Arbor bolt
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INSIDE HOUSE Reversing vaive (OUTSIDE HOUSE
Heat dumped
into ground

s | |

pressure

aypase COTPESES
vave P Compressor

Liquid

Expansion valve Expansion valve
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INSIDE HOUSE ing vaive OUTSIDE HOUSE
Heat removed
from ground

pump

Suction
pressure
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Raw waste enters (@) Light waste (soaps, (5 Clear overflow effiuent Grass planted over the

the septic tank fats, etc.) forms a flows into a distrioution drain field evapotranspires

from the house. floating scum layer. fbox, which directs the some of the liquid into
flow to drain field pipes. the atmosphere.

Heavy waste setties to bottom (4 Clear effiuent fows (6 Perforated pipes  (8) The remaining iquid is
and is decomposed by bacteria. to second chamber distribute effluent fitered by the soil and
Non-decomposed material for further settling. uniformily to gravel- percolates down to

remains as sludae. filled ditches. become groundwater.
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‘The control module determines the sequence and timing of irrigation
by tumning control valves on and off

(3) upon receiving power from the control modiule, a control valve opens,
pressuizing is zone.

(6) Avacuum bresker prevents back-siphonage.

Pop-up sprinkier heads in unpressurized zones
lie flush to the groundi to avoid damage.

Under pressure, the.
sprinkler head pops.
Up andi starts spraying.

Water is usually tappedt Swivel and fiexible
from the home's cold sprinkler arms redluce.
supply. An inine shutoff damage to piping.
valve is required.
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Clear effluent from the. If effiuent rises to a second,
septic tank flows into higher level, the control panel
the pump chamber. (1) sounds a warning in the home.

When effiuent reaches a
preset level, the fioat switch
activates the sump PUMD.

9 The sump pump lifts the:

effiuent to a distrioution
box and dain field at a
higher elevation.
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Alter the fire is well established, the damper is closed, forcing fiue
9as to pass through the catalytic converter. The converter lowers the
temperature reqired for combustion, resulting in a secondry burn
of volatile gases, higher efficiency, and lower emissions.

Toincrease the draft, a damper in the baffie is opened
allowing flue gas an Unresticted path to the chimney.

Again, air-tight joints andl a gasketed door
give complete control over the amount and
location of combustion air

(2) To start afire, the ai intake is opened wide.
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A baffle forces the gases to follow a
longs" path before exiting, transferring
much of the gases'heat to the stove's

cast iron surfaces.

(3) Momentum carries the
flue gases to the rear

(1) Air-tight joints andi a gosketed door
give complete control over the
amount and location of combustion air.

(2) The ai intake is opened fully to start afire.
After the fuel s fully engaged, the air intake
is reduced to control the burn rate.
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Zero-clearance stove pipe

Optional outside air intake:
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Convection fan blows Controlled by a thermostst, (1) Hopper at top, rear
room air through heat a motor-diiven auger feeds holds about one 40-b
exchange tubes back pellets into the burn pot. g bbag of wood pellets.

Exhaust flows around
neat exchange tubes,
ihen out to a chimney.

Glass panel
allows view

fire in burn pot may EXHAUST
oe ignited manually

or by an automatic

electric ighter.

Combustion airis
forced up through
bumn pot grate to

() Asnes fall throush srate into ash pan below.
Combustion s so complete the ash pan

needs emptying onl after sbout 50 bags

T b o )
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Flat fiberglass filter Pleated paper filter
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A humidistat senses high relative humidity ana
turns on the compresser and the fan.

The hot gas flows through the
condenser, condensing the gas to
iuid and warming the i

Liquid refrigerant
expands in the
evaporator and
cools the air flow.

(5) Air passing through the evaporator
is cooled below its dew point,
squeezing out moisture.

The now-cooler ry airis warmed!
back to room temperature, further
lowering is relative humicity.

(@) The compressor turs the refrigerant into a hot gas.
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EnergyStar Settings for Maximum Heating/Cooling Savings, °F
Timeof Day  Heat(MP)  Cool (MF)  Heat(s-s)  Cool (5-5)

Wake (6AM) 70° 65° 70° 75°
Leave (8AM) 62° 83° 6° 83°
Retum (6PM) 70° 75° 70° 75°

Sleep (10PM) 69° 83° 69° 83°
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Molisture sources in a high-humidity
home add water vapor, raising the:
relative humidity to 65%

The now-moist air will condense moisture

if cooled to only 56°F! This typically occurs
on window glazings, exterior walls in cormers
and closets, and attic roof sheathing. ()

Provided no moisture is added, outside
air infiltrating the home is heated to
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0010
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dirum, which rotates the
fibrous evaporator belt
through the water tank.

The blower fan blows
ciry room ai through the
wet belt, evaporating
the water, and raising

the humidity of the air.(3)

@,

The humidistat senses a low
relative humidity and turns
power on to the belt-crive
motor and the blower fan.

"Atark fioat linked to an am
fotates the tank-level wheel,
indlicating the water level in
the tank. Water in portable
dehumicifiers is added
manually; in furnace units,
automatically.
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The zone control tums on the
BollerMate™ circulator pump.

Hot water is crawn,
through a heat trap,
from the top of the
Boleriate™ tank.

The BolerMate™
thermostat signals
the zone control
for heat

(3)he zone controller When the boler reaches Hot water fows Cold water enters
signas the boler’s its low-lmit temperature, throush the heat the tark from the
ol or gas bumer the aquasta signas the exchange, heating ouidings cold

to produce hest. zone controller, the water. water suoply.
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An outflow temperature
monitor reports the hot
water temperature to the
computer, allowing it to

regulte the gas «m}@

@ metes oxringer
transfers most of the
heat of the flue gas
S et

A small, computer-
controlled fan provides
a forced draft for

optimum combustion
and efficiency.

>® The compter tums

on the gas and ignites
the burer.

Hot water is ciawn by () The flow detector senses
showers, tubs, or sinks, and the inflow and signals the gas
‘cold water flows in, replacing it. ‘control computer for heat.
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Thermal circuit
oreakers mountedt
on each of the
toes open the.
circuits in case of

Electrically resistive elements The control computer regulates the.
heat the water flowing through power to the heating elements to
the tubes. meintain a Constant set temperature.

Temperature andi

overneatrs. (5), flow sensors feed

information to the
control computer

Three separate
240-VAC circuits
provide up to
97,000 watts
(92,000 Buh)
of heat

Hot water is crawn by plumbing fixtures,
and cold water flows in to replace it





OEBPS/images/c01f035.jpg
(5) Hot water is crawn from the:

The draft hood adiits air
top of the tank.

t0 the fiue to maintain a

constant, optimum ciaft
The pressure-relief valve prevents

excessive pressure in the tank

A replaceable anode
helps to prevent
corrosion, extending @

H The flue pipe runs up the middle:
ki Cesc e of the tank, ransferring the heat
piokel g from the fiue gas to the water.

check it thereafter

g The temperature/gas control
maintains a small pilot flame, which
ignites the main burner when the
‘water temperature Grops below
the thermostat set point

Cold water enters
through the dip tube,
which fills the tank
from the bottom. (1)

A garden hose connected to the dirain cock
allows ciraining or fushing of the tank without
amess. You should flush the tank annually.
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Bleed-off drain

Fill-valve float
(keeps water fresh)
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The furnace blower forces warm house air through
the inside heat exchanger (evaporator) and returns it,
cooled, to the house through the distribution ducts.

The cooled liquid flows through an expansion Thz hot gas gives off heat
valve and expands into a cool, low-pressure and condenses to a
gas, which flows through the insice ‘ liquid while flowing through

the outside heat exchanger.

(@) Refrigerant vapor is
compressed to high
pressure and temperature
by the compressor.

Refrigerant vapor returns to the
compressor for another cycle.

A central air conditioner often shares distribution
ductwork with a gas or ol furnace.
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The heated water is collected by the upper manifold
and retuned to the heat exchanger in of surrounding
the bottom of the tank

The water in the tuoes
absoros heat as it rises
through the collector.

Hot water is drawn from
the top of the tank

When there s insuficient
solar energy, an auxiliary
electic heating element
makes up the difference. (8)

Cold water enters through the:
dip tue, which fls the tank
from the bottom up.

Heat i transferred flom the
heat exchanger tubing to the

watern the storage tank (7).

Aglass cover plate traps the heat
from the sun in the collector.

(3) Aheader marifold distrioutes

the circulating water to an
artay of paralll tuoes. In areas.
subject to freezing, the water
must contain propylene glycol
RV antifreeze") or ciain back
to prevent freezing,

The control module
compares collector
and tank temperatures.
When the temperature.
difference reaches a
preset level, the modlule:
tums on the circulator.
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The hot gas is cooled, condensing to a liquid,
while flowing through the outside heat

exchanger by fan-forced outdoor ai

The second fan draws warm room air through the inside:
heat exchanger and returns it, cooled, to the room.

The cooled liquid flows through an expansion
valve, expanding into cool, low-pressure gas,
‘which flows throuh the inside heat exchanger.

rerigerant’s @)
compressed
into a hot gas.

The temperature-sense
oulo signals a thermostat
that cooling is needied.

Reffigerant is returnedt

0 the compressor to
start the cycle over again.
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Gable-end vents.
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Discharge

Wires from presstre switch:
red and black, 990 VAC
green, ground

Stage. Each stage consists
of an impeller and s diffuser,
which increase the pressure.
This pump has 5 stages.

Intake screen

Motor. Motor horsepower
increases with number of
stages, rnging from /2 hp

for a shallow well pump with

5 stages to 1"/ hp for a deep-
well pump having 25 stages.
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Hot water s drawn from the

(0p of the tark. () (1) Coid water enters through the.
dip tube, which fills the tank
from the bottom up.

The top thermostat,
pressed against the. The

— pressure-relief valve prevents
tank, turs on the @ excessive pressure in the tank.
top element to

heat the water,

_(9) Areplaceadie sacifcial 2inc
fthe water inthe top anode prevents cormosion i the
of the tark becomes tank, extencing fs fe.

(00 hol, the high-imit
swich (red button)
wil rip, cuting power
(0 both element

When the water in the
t0p of the tark reaches
the set temperature,
the top thermostat
switches power to the

oottom meymosmv.@\

The bottom thermostat
applies power to the
lower element until it
reaches the set

temperature. @_

(8) A garden hose connected to the oain cock
allows draining or flushing of the tank.
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Alr fill vaive

At 90 psi
pressure:

Steel tank

Water in nearly
empty bladder

Water connection

At 40 psi
pressure:

Full bladider
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| Vent pipe

3" or 4* House drain /
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{1 Discharge pipe:
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check
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Pressure
tank

Protective
condit

Pressure switch
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A plug, held in place by
a glycerine-filed ampule,
seals the sprinkler outiet. (1)

As the ampule heats up,
the glycerine expands.
Within a minute or two of
reaching 155F, the pressure
shatters the glass ampule,
releasing the plug. Q)

Water under pressure strikes
the deflector plate and sprays
radially over a large area. The
cooling effect usually prevents
other sprinkler heads

from activating. e
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Carburetor float actuates needie (ams actuate intake andl
valve, which maintains constant ‘exhaust valves in proper
fuel level and pressure.

Spark plug ignites
airfuel mixture.

Throttie controls
airffuel ratio. power output.

Intake valve controls
admission of fuelfai. (4 (@) exvaust vaive
allows exhaust

Piston s ciiven down to ext cyfinder

when fuelir mix ous. (8)

Piston rod transmits D) Coolrt et

power to crankshaft.(9) o & e
wals.

Crankshaft turns, provicing
power from the engine.

(49 0i pan contains
lubricating oil.
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(6) fitered water () nine vaives alow (1) Unfitered water

returns to. tank to be bypassed enters from
cold supply. for maintenance. cold supply.

P

L ER——

Water seeps through bed
of activated charcod,
which adsorbs chiorine
and organic compounds.

Water continues through
bed of fine sand, which

Fitered water
enters pickup tube.
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(2) Needle vave
controls fuel
to carburetor.

Carburetor float
actuates needle
valve.

Airin from air fiiter To crankcase

Choke controls Throttle controls
airffuel ratio. power output.
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Closing inline valves
allows cartridge to
be changed.

(T) pressing refef vaive releases pressure
in order to remove bottom housig

Untreated water from cold
supply enters top cap.

flow is diverted to bottom
housing outside the cartricige.

Fitered water travels up
the cartridge center, back
into the cap, and out to
the cold supply fine.

Water continues through
activated charcoal core,
‘which adsorbs chiorine

and organic compounds.

Water fiters through the
‘wound-fiber outer shell
of the cartridge, which

traps secliment.
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IGNITION
A compressed mixture of fuel and
air bus rapicly, aimost explosively,
when the spark plug fres at the top
of the piston stroke. As the exhaust
port is uncovered, most of the
exhaust exits.

1. INTAKE STROKE
The piston continues downward
and uncoveres the inlet port. The
vacuum draws fresh fuel/air mixture

into the cyinder past the reed valve.

At the bottom of the stroke the:
reed valve closes again.

9. COMPRESSION STROKE
As the piston travels upward it

first blows some fuel/air out the
exhaust port, but then compresses
the remaining fuel/air mixture, to be
ignited by the sparkpiug at the top
of the stroke.
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Carburetor fioat
actuates needle
valve, maintaining
constant fuel level
and pressure. o

airffuel ratio.

Crankshaft turns, providi
Power from the engine.

Spark plug ignites
airffuel mixture. 0 (E; Aluminum fins

remove heat
from cylinder

Intake port (8) Exhaust port
acimits fuel/ allows exhaust
air mixure. (3) to exit cylinder

Piston is criven

air mix burns.

Reed valve

opens during
intake stroke. Piston rings
provide a
tight seal.
\
Piston rod
transmits
Throttle power to
controls crankshaft.
power
output.
né@/






OEBPS/images/c09f002.jpg
1. INTAKE STROKE 2. COMPRESSION STROKE.

IGNITION
Fuelair mixture s crawn Fuel/air mixture is Compressed Spark plug arcs, ignitng the
through open intake valve. amost 10:1 prior to ignition. explosive fuelair mixture

3. POWER STROKE 4. EXHAUST STROKE
Buring fuelair mixture expancs. Piston rises, ciiving exhaust gases
driving the piston down. out through open exhaust valve.
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0/® Treatedt water Used for clinking and cooking.
B~

-
[

(@) pathogens (cacteria and
viruses) destroyed by
intense UV raciation.

Unireated water enters from
the cold water supply.

Activated charcoal (caroon) (3) (@) seciment fter removes

fiterremoves orgaric and particulates that cloud

chlorine molecules. the water and reduce
the penetration of the
UV rays.

Utraviolet iter systems generally inchude a seciment fiter andi an
activated charcol fiter, in adition to the UV canister, to remove
large particles, taste, and odor. The unique feature of the UV fiter
is the abilty to destroy bacteria and viruses without requiring
chlorination or boiling.
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Diive control bar (9) Operator presence bar
engagesand disengages stops engine iflet go.
front drive wheels.

Knobos allow handle
e folded.

(A9 0 cap with cipstick. Change:
ol at endl of every season.

(@) puiing start hanclle
while squeezing
opentor presence

loar starts engine. (1) Mutfer (not seen)

Gasoline filer cap

(notoilt) Height adjuster

(each wheel)

Remove cover
to clean ar fiter

Saueeze primer bulb
several times before:
starting cold engine.
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Treated water used for
drinking and cooking only.

Untreated water
for washing.

RO membrane passes H,0
and other simple molecules,

(&) concentrated RO water
discharged to orain.

Because RO fitering (D) untreated water enters from
is extremely siow; the cold water supply.

an sccumuator tank

stores treated wer

Activated charcoal (caroon) (8) (2) seciment fiter emoves
fiter removes organic and particulates that couid
chlorine molecules. clog RO membrane.

Reverse osmosis (RO) fiters combine three fitering components:
a seciment fiter to remove large particles, a plstc reverse-
osmosis membrane to remove dissolved salts and metals,

and an activated charcoal canister to remove tastes and odors.
No home system provides a greater degree of fitering.
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With the engine off,
remove the cover
(see Item 6)

and clean the air filter.
Do not use a brush.

Carefully turn the low
speed screw (L) clock-
wise until it is seated.
Then turn it counter-
clockwise the amount
shown—here one

full turn.

If necessary adjjust the
idle speed screw, LA,
slightly in either
direction.
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Controller nitates backwash
cycle. Untreated water fiows.
in reverse direction through
resin bed and s discharged
into cain.

@

Controller switches to recharge
cycle. Concentrated sodium
solution (brine) pumped throush
resn bed forces epiacement of - g
calcium and magnesium ions by
soium ions. Altered solution is
discharged into dirain

Resin bed s again rinsed with

Untreated water, but overflow
ths time refils brine tank with

fresh water.

Rock satt in brine tankis
slowdy dissolved and must
be manually replenished.
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(4) 1un off engine by
moving lever up to
Off position.

(3) retease (pull back)
shutoff guard, move
lever to Run position,
and rev engine.

Pul starting grip until
engine kicks once.

Then move lever to
Warm Start position.

o Pressing throttle lock
and squeezing throttle
at the same time,
move master control
lever to Cold Start
position.
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Soft water supplied
to house. (Treated
‘water will contain
sodium.)

Soft water flows

nondup @y |

After either a set amount of time of total
gallons of flow, controller intiates
ackwash cycle.

-

Hard water (containing calcium
and magnesium ions) enters.

Flow is directed down through a bed
of plastic beads holding sodium ions.

Sodium ions are exchanged with
‘calcium and magnesium ions, releasing
sodium to the water

Rock salt in water-
filed tank dissolves.
to form brine rich
in sodfium ions
Brine is used to
recharge plastic
beads. (Step 2,

next section. )©_
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Chain does the cutting. Shutoff guard Pull grip for
stops chain if starting engine (5) (6)cover for air fiter
saw kicks back carburetor, andl
and spark plug

Chain runs in slotted . )
ice bar umper spike
. @ engages tree (7) Measter control
for leverage. (3) (choke, start,
run, stop)

(8)hottie

Fuel ill cap

Carburetor
Front handle:
adiusting @ Sprocket cover is removed when

replacing chain or tensioning chain.

@ Chain sprocket drives chain





