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1 Introduction

As an electrical engineer (now retiretlhave always been interested in the reasons why residential
electrical wiring was done the way it was in the US. SheedCodé says so, but why exactly do we

handle earth ground the way we do? And why stiit required when a GFCI breaker or outlet is used in
the same circuit? After moving to Mexico, my interest became even greater because here | discovered
that thereis a whole new way of wiring thingSome of these ways were just differebut others were
down-right dangerous.

Our firstMexicanhomehad beerbuilt around 187, and the visible wiring in the pool area was

appalling.It worked, but | decided to fix it so it looked better. But the more | got into tracing the actual
circuits, the more | discovered thingsthe way the circuits were connectéidat were just plain wrong

so | traced everything out and came up with a plan to redo it. This was so much fun that | decided to do
the same thing with the wiring 8idethe house itself. Then it was on to the main circuit bresakand

the meters.Thinking that what was learning might be of interest to other gringos, | decidekktep

detailed notesas | went along.

Then we bought another house that was newer (baidout 2000) and which appeared to have more

modern wiring.Before we bought the home had it inspected by a local professional home inspector,

and | personallgheckedall the outlets for proper wiring using a simpldight tester. Everything

checked ouOK, but soon discoveredthat &t NBIF f & gl ayQio {2 L RSOARSR
rewiring onthe seconchouse Again, the more | did, the more strange problems | discovered, corrected

and documengd.

Meanwhile | had partnered with a local architect/contractor to build a new house as an investment.
This provided an opportunitio seewhetherwhat | had learned could be applied to new construction.
Sotogetherwe wrote specificatioafor the electricians and provided them with a detailed electrical
plan to use. The idea was to see if the standards used for residential wiring in the US could be easily
adapted to Mexican construction. They can.

This bookells what | have learned aftee-wiring the two older houseandwiringa new house using
the specifications we developed. It is written for anyonao, like me, wants to live in a Mexican house
that has reliable and safe wiring.

In places, | am critical of what | have found, because wihdaviringd ¢ 2 N4|it &&Soften unreliable

or evendangerousButl do not mean to bé¢oo critical of Mexican electricians. Many of these nveork

with only onthe-job training and witha pair of plierastheir only tool.They work withminimalplans,

no test equipment and no written specifications. The ones | have met are delighted to find someone

who has an interest in their wotlandthey are willing to do whatever is wanted in whatever maniis

requested. In other words, they asmgerr YR ¢gAf f Ay3d G2 fSIFNYy K2g (G2 R2



Sections 9 through 13 of this book contain details of the modifications | matteedwo houses we

lived in and my experience with builditige new one. They are worth reading if you intend to follow

any of the techniques described for upgrading your house in the previous sections because they offer
examples of what | found, what | decided to do about it, and how | did it.

Which brings me to an important point. While reading this book is safe, working with electricity can be
dangerous. Anyone who is interested in understanding how Mexican homes are wired should find this
book useful. But you need to know your own limitatiomisen making any of the actual changes
discussedAnyone who has had previous experience wiring in the US or who has worked in construction
should have no trouble as long as you are aware that things aralwal/sas they appearyou cannot
assume thata lighting circuit is unpowered just because the light is off or that a wire is not hot just
because it is white or greerRlease be careful, and try to find a local electrician who will work with you
on the tricky stuff!



2 Similaritiesand Differences

2.1 Secondary Line Voltages and Phases

The voltages entering your home are called secondanrg they are either singl@@r two) phase
120/240 \ACas found in the US or three phase 127/2280/

Singlétwo phase power is obtained from a single secondary winding on the povely LJI sfep Q &
downtransformer. The transformer isentertappedto form two high side or line voltages along with
the neutral that connects to the center tafeeFigure2-1.

Meter 240V
! 120v
L2 7y
o |
N Y

Figure2-1 Two Phase Line Voltages

After passing through the circuit breaker panel, one line and one neutral Varmusbranch circuis

that areused throughout the house for lighting, phirg appliances, etc. Regardless of whether line 1 or

line 2 is used, these circuits provide 120 VAC. Larger appliances, such as an oven, operate from the 240
VAC provided by line 1 and line 2. The line to line voltage is 2 times the line to neutral voltage.

In the US, this is called single phase power, and both lines 1 and 2 are provided along with the neutral. In
Mexico, smaller houses may receive only linarid this is called single phase power. When both lines 1
and 2 are providedt is called two phase power.

In Mexico, the power company (CFE) also distributes thhasse powerln this casetheir transformers
have 3 secondary windings. One side of each of these winidingsnected together to form the
neutral. With three phase power, the line to line voltag#s= 1.732 times the line to neutral voltage.
SeeFigure2-2.

L1 § &
Met 200V 3 T
L2 eter L 220 1w
13 Yot 12N
v | l
N - X

Figure2-2 Three Phase Line Voltages

With three phase powetthere can behree different line to neutral branch circuits providing 127 VAC,
three different line to line circuits of 220 VA&hd a three phase 220 VAC circuit suitable for larger
motors used for pool pumps, etc.

Our first house in MexicfCasa Erresyas in a neighborhood that hatiree phase power. All the houses
usedtwo phase or multiplesinglephase meters except ours which had a monstrbuee phase meter.
At one time, althree phases may have been used for the original pool equipmentobeatofthesehad
since been abandonednd onlytwo of the three phases were wiretb the houseln generalijt is
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difficult to tell whether power is coming fromtao phase orthree phase transformer without
measuring the line voltages, because the wiring will appear the same.

Any decent appliance in North America will operate from a voltage of 120096 or 240 +/10%. The
127 and 220 volts found in three phastexicanpower are within these ranges, so using US appliances
in Mexicoshould work just fine

2.2 Earth Ground Wiring

In the US, a separate earth ground wire connects to all exposed metal surfaces in the electrical system.
In Mexico, the use of a separate earth ground is typically limited to the wiring for major appliances
(washing machines, refrigerators, etc.) and tehen appliance outlets. Newer houses have all outlets
wired with an earth ground, but unlike the US, the earth groungsisallynot connected to metal switch
boxes, junction boxes, etc. If the outlets in your home have 2 prongs, this is a sure sitpeteas no

earth ground on that circuit, but if they are 3 prong outlets, there is no guarantee that the third prong is
actuallygrounded.

A very simplified diagram of a (correctly) wired house is showigare2-3 below. There are many

similar diagrams in this book so it is wosthile pointing out that black horizontal and vertical lines

represent wires with their color and size indicated in red above them. The red dots indicate an electrical
connection. Where wires cross without a red dot, they are not connedibd.diagranbelow shows just

one subpanel and one branchcirclitK S O2f 2 NBR NBOG Il y3It Sa NBLINBaSyd
panels used to distribute line 1 (black), line 2 (red), neutral (white) and earth ground (gféerterms
GfAYSes GK2Gé AYYIRS NIKKAFYKES | HONEE duizadSoRS dzii NI £ € £ g+ @& NE
GDNR dzy R¢ 2 NJ &9 | NXcwrenDddd@yuhrycBriluctdithe Niak Serwee Banel provides a

means todisconnect the entire house and should be located very close to the meter(s).

Meter Box Main Service Panel Subpanel Branch Circuit

70A 50A 20A
BLK#6 BLK#6 — — BLK#8 - BLK#12 (o

To CFE RED#6 RED#6 —_ I —_ RED#8 I
WHT#6 WHT#6 WHT#8 |_| WHT#12
GRN#6 GRN#8 GRN#12
Ground Bar

Figure2-3 Simplified Power Distribution Showing Connection between Neutral and Earth Ground at Meter and Main Disconnect
Panels

Under normal (no fault) conditionthe earth ground conductor never carries any current. Atitiaan
service paneand/or meteronly, itisconnected to the neutral wire. (At arspbpanelthe neutral and



earth grounds are not connected together). Also at the service paeé&dr the earth ground conductor
isconnected to a large conductive stake driven into the ealttinay also be connected the cold

water plumbing to provide a low resistance connection to the earth. The earth ground conductor may
also be connected to the plumbing at appliances such as washing mattaimelsranch circuits inside

the house

The reason for not connecting the earth ground to the neutral at the subpanels is so the earth ground
does not become part of the neutral circuit. If the two were connected at a subpanel, the return current
from the sulpanelto the meterwould divide between the neutral (white) conductor and the earth

ground (green) conductor. Neutral return currentghtalso beflowing through all other earth ground
conductors such as the plumbing piping, etc.

The earth ground serves two purposes. The earth connection at the entry/paatel provides a low

NEAAAGE YOS LI GK F2NJ KAIK @2far3Sa GKIG YAIKG 2000dz
high voltage on the neutral conductor. Its other purpose is to provide an electrical path that will cause

the circuit breaker to trippr a fuse to blow if the line (hot) side of the wiring short circuits (faults) to

something metallic that can touched by a person.

Suppose, for example, the line shorts to the case on a washing machine. The current through the 20
amp circuit breaker on this circuit will be the same with or without this faaliout 5 amps. If you touch
the case of the washing machine and are standing on a wet floor, the current through your body could
easily be 0.1 amperes which is potentially fatal. The current through the circuit breaker would increase
to 5.1 amperes, but tis is not enough to trip the 20 amp breaker. On the other hand, if a separate earth
ground were connected to the case of the washing mactand it were also connected to the neutral

at the service panel, the current would be very highléast100 ampspand the breaker would

immediately trip. These two cases are illustratedrigure2-4 and Figure2-5 below.

Appliance Framg

Hot
20amp Circuit Short Circuit Ling \
Breaker to Frame
( )
N 5.1 amps
- O
5amps
\_ J

0.1amps

Figure2-4 Line to Frame Short Circuit on Appliance with no Earth Ground Conductor



Appliance Frame

Grounded
20amp Circuit Short Circuit Ling \
Breaker Opens to Frame
4 N
N 105amps
I
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L 1
I 1miﬂmgi i )

Figure2-5 Line to Frame Short on Appliance with Earth Ground Conductor

At this point it is worthwhile to consider two questions. The first is, why not simply connect the neutral

to the appliance framand forget the earth ground wirirgyThis would cause the circuit breaker to trip

open in the event of a line to frame fault, but it introduces #rey hazard as shown figure2-6. If the

neutral opens on this branch circuit, the entire frame then rises to line potential (through the low

resistance of the load), and touching it results in a potentially lethal current through your body to the

floor. So like the case shownhkigure2-4, this is a single failure that results in a lethal hazandCasa

Erresi KS 2@Sy ¢l a | Oldzftfte ANBR GKA& gl & O6LISNI KS
fact that an earth ground was present at the connectimx behind the oven.

Appliance Framg

Hot
20amp Circuit \
Breaker
\
N 0.1 amps

@,

Open Neutral

0 amps

0.1amps

Figure2-6 Connecting Frame to Neutral Introduces Hazard of Open Neutral

The second question is, why not connect the frame to a local earth ground such as a water pipe rather
than running a separate earth ground conductor? This might work, bugitimot either. It all depends
on the resistance of the local ground path back to the neutral connector. In the case of Casa Erres, |
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found that although all the water pipes were copper, fhipeswere actually insulated from each other
at both the water heaterandthe waterfiltration system and they were not connected to the neutil
the service entrance. So the connection between thekimgmachine frame and the water pipe served
no useful protective purpose.

In addition to large fixed appliances like washers, ovens, pumps, etc. the faulty appliance might be a
plug in iron, toaster, etc. that has a metal case. Actually these days there are not many such appliances.
If you look around your house, you will seattalmost all appliances only have a two pronged plug.

What has happened is that manufacturers have double insulated their appliances so that a single fault
within them will not cause the high voltage to appear on an exposed metal surface. Even most power
tools are double insulated and use a two pronged plug. These are safe to use ungravagtad.
applianceswith motorssuch as washing machines, refrigerators, etc. should always be grounded.

The other concermegarding the lack of an earth grouisithe outlet box itselfUsuallythese are metal,

and the older wall plates used Mexicofor switches, outlets, etc. are also metal saue electrically

connected to the box through their mounting screws. This means that if the insulation on the hot
conductor becomes exposed and touches the box, the plate will be at a lethal potential. This could occur
in receptacle boxes, light switch boxasanyjunction boxes used for pulling or joining wirekhis fault

is not as uncommon as it might seem because the common method for attachiiags@witches,

outlets, etc.)to the metal boxes in Mexico is to use sheet metal screws. The sharp points on these
screwscan easily penetrate the &ulation on the wiring and provide a short circuit to the exposed outer
plate. | ran across three instances of thisha two housed rewired

We will discuss various ways to correct this hazard later, but in moving into a house in Mexico, | would
recommend checking to be sure that such a hazard is not present. The easiest method is to use one of
the simple voltage detectors available at Home Btegr hardware stores. These are probes that sense
line voltage. The detectors are battery powered and indicate a high voltage by displaying a light and/or
sounding a tone.

See the discussion in Sectidnegarding voltage probes and how to use them.

At this point, we are concerned with testing all wall plates for a faulty short between the plate and the

line. Touch every metal plate in the house with the voltage probe and be sure none ofgbefa2 (i ¢ ® L F
you find one that is faulty, disconnect the circuit at the circuit breaker box immediately. Then call an
electrician or repair it yourself by locating and removing the short circuit. When probing the wall plates,

be sure to probe the various jution boxes also. These will have blank 4 or 5 inch sgoeatal covers
Alsocheckany metal surfaces on built in or plugged in appliances and the metal frames on light fixtures.

It is unlikely that you will detect any such faults, but it will only take 15 minutes to test te dtouse,

and the consequencef failing to findsuch a faults potentiallyserious.

If you do this, you wilhave identified and corrected any outlets or fixtures having hazardous exposed
voltages due to internal shorts from the line side. But of course some or all of the hmys#ill be

wired without an earth ground conductor, so it is unprotected against a future short circuit between a
high voltage conductor and an exposed metal surface.

There are several options for reducing this hazard.



The houseouldbe rewired adding an earth ground wire to all outlets and switches. This would involve
a lot of work, but since Mexican house wiring uses conduits, it is possible. A ground stake might need to
be added near the entry box for connection of the edtdelf.

Another option is to replace the standard overcurrent type circuit breakers or the receptacles in
bathrooms, the kitchen and other shock prone areas with GFCI types. This is a lot giapkedding a
ground wireand less expensive.

Finally, the old metal switches and receptadas be replacewith modern plastic ones. These will not
only look better, but they are inherently safer by virtue of their insulated plastic covers.

Each of thesemtionsfor upgrading the electrical system will be discussed later.

2.3 Wire Colors

In the US, electrical wires are color coded as follows:

1 Green = Earth Ground
I White = Neutral
9 Black or Red = Line side (any phase) or high side of switched load

In Mexico, the color coding is:
i Use whatever colowire is available.

Fortunately thispracticeis changing, but on an older house the colors of the conductors will provide no
clue whasoever as to the function of the wire. For example the light switch box in the Casa Erres master
bedroom contained a total of 12 wires3 were red and 9 were green. These were used for three

different light switchesAndnone of these wiresvasearth ground!

There is a way to fix this that does not involve replacing the wires, but it does require considerable time
tracing out the wiring in the hase. This is discussed more aton 3, but the idea is to use colored
electrical tape at the ends of each conductor to identify its function once you have figured it out. This is
allowable under theNational Electrical Cod®&EQin the US as well. As a minimum, you should use the
US standard color coding, but | would go a step further and use the following:

91 Green = Earth Ground

I White = Neutral

9 Black = Line phase 1 upstream of the circuit breal®&¥¥G 8 or large@dnd anyun-switchedline
(phasesl or 2)downstream

Y Red = Line phase 2 upstream of the circuit break&WG 8 or large@ndanyd NXzy' y SNE € Ay o
way switch circuits that are wired according to US standards. $8#®on 2.9).

1 Blue = High side of switched load (either phase)

1 Yellow = Use for marking comments with a fine tipped felt pen. This is very useful for identifying
unused wiresdifferent loads, different branch circuit neutrals, etc.

2.4 Conduits and Conductors

Mexican houses are constructed using bricks with reinforced concrete masislip9 and beams
(cadenay. Electrical boxes are recessed into the brick and connected asintangeplastic conduit.
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The conduit runs through channels chiseled into the walls. It is also embedded into the concrete ceilings
and run under the concrete flooring. The walls #ren covered with cement that is typical8/4 inch
thick but can be much moreseeFigure2-7 andFigure2-8.

Figure2-7 Wall with Castillsand Cadens Note Electrical Box and Conduit

Figure2-8 Wall after Rough Coat of Plaster

The conduit is available both in flexible form (corrugated wall) or more rigid (smooth wall) and in sizes
starting at ¥z inch (ID).

Wiring is stranded to make it easier to pull through the cond@sndard wire gauges are used (AWG
14,12, 10, etc.), and the usual colors (black, white, red and green) are normally available.

2.5 Wire Size and Fusing

The most common wire gauges that you are likely to run across in a Mexican residence are AWG 6
through AWG 14 wire. AWG 6 or 8 would be used to connect the entry panel to subpanels and AWG 10
through 14 is used for branch circuits. You may, howeaweracross much smaller gauge wiring (AWG

16 or 18) including even zip cord that is embedded directly in the plaster ceiling or wall. This is very bad
practice and should be replaced if possible.



Older entry panels used large knife switches wpilig-in cartridge style fuses. More recent panels use
circuit breakers for the main disconnect. The replaceable links used in the cartridge fuses are likely to be
oversized for the conductors they are designed to protect.

The purpose of a fuse or circuit breaker is to protect the downstream conductors from overheating and
possibly melting or burning. So the rules that apply depend on the size of conductor, the type of
insulation and the number of conductors bundled togetirea conduit all of which affect the heating

of the conductorsAssuming the most common 75 deg C insulatibe following guide can be used for
circuit breaker sizing:

Table2-1 Circuit Breaker Sizing

AWG 6 AWG 8 AWG 10 AWG 12 AWG 14
70amps 50 amps 30 amps 20 amps 15 amps

It is not always obvious what the gauge of a wire is, especially in old wiring and with stranded
conductors. When buying new wire, be sure to look for some where the wire gauge is clearly marked on
the outer jacket. In existing wiring, compare it to thendoctor size of a new piece of wire. You can also
use a wire gage. Do not use theuter insulation diameter as indicative of the conductor size as some of
the older wire has much thicker insulation than comparable newer insulation.

Conductor sizes should not be mixed in the same protected cilmutiin Mexicoyou will find that they
are. For example, a branch circuit may start out with AWG 10 wire at the subpanel, then connect to
AWG 12 wire somewhere down the line to the final load. This makes sense from the standpoint of
minimizing voltage drop, much like phibing lines may start out with % inch tubing near the main and
reduce to ¥ inch tubing near the faucets. But for purposes of fusing, the smallest gauge wire in the
circuit shauld determine the fuse size. So in this example where AWG 10 and 12 wire are mixed, the
circuit breaker should be 20 amps, not 30.

When circuithave beeradded, or perhaps when the house was originally wired and there was
insufficient space in the subpanel box for all ttranchcircuits, multiple conductors may be connected

to the same breaker. This is okay as long as the circuit breaker is sized for the smaller of the two
conductors. Of course, it may result in nuisance tripping. For example, if two outlet circuits are wired
with AWG 12 wire, connected together and protected by a single 20 amp circuit breaker, the total load
must bekept below 20x120 = 2400 watts or 1200 watts in each of the two parallel circuits. That may
seem like a lot, but it is only two hair dryers. A better solution would be to connect the two circuits to
two separate 20 amp breakers. If no more space is @vailin the subpanel, you can replabe
existingbreaker withatandem (two half-sized)oreaker. (Se&ection4.3).

2.6 Connections

As in the US, connections between conductors are made inside metal or plastic boxes. However, unlike
the US, most connections in Mexico are made by tigitigting the conductors together over a length

of 1 to 2 inches then covering the connection with electrical tape. When properly made, these
connections are quite secure. However, they are very inconvenient to remove for adding on an
additional circuit or for temprarily disconnecting a circuit while trouble shooting. Wire nuts are now
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widely availablen Mexicoand should be used when it is necessary to open up a twisted wire
connection.

When using a wire nut with AWG 14, 12 or 10 gauge stranded wire gsttipvire at least 5/8 inch from
the end and twist the individual strands together. Trim the twisted strands to about 5/8 inch and place
the conductors together so that all wire ends direedup. Do not pretwist the conductors together.

Now screw on the wire nut and tighten it as tight as possible by hand. The various conductors should
now begin to twist around each other and no bare copper should be visible. Give the wire nut another
half turn usingpliersif necessary. Hold the wire nut in one hand and pull each of the conductors with
the other to be sure that all of them are firmly clamped by the wire SaeFigure2-9 throughFigure

2-12.

If youcome across a situation where a conductor is too short to reach the wire nut, you can extend it
using a crimp connection. See Figure6lfdr an exampleTapethe crimp with the proper color tape or
useaninsulated crimp.

Figure2-9 Taped Twisted Wire Connection

Figure2-10 Twisted Connectionitiiout Tape
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Figure2-11 Wires R-cutfor Wirenut

Figure2-12 Connection with Wirenut

Square connection boxes are found in 4 incli1416 inch and 6 inch sizes. Those used for wall outlets
and switches are most commonly the 4 inch size with a single gang ring tiesrig flat

In the US, the National Electrical Code provides rules for calculating the maximum number of wires that
can enter any size box. In Mexico, the rule is to cram as many wires as possible into a box. If they do not
fit, cram them tighter. There is not muchahcan be done about this (assuming each wire serves a
purpose, which normally they do.) This is also a case where leatiigted wire connectioraloneis an
advantage as they usually use up less space than a wire nut connection. When adding ogchangin
device (switch, outlet, etctp one of a large(deeper)size, itmay be easieto add a new handpox

next to the square box from which the original switch was removed. For example, | added a number of
Honeywell programmable timers (s€ection4.80 ® ¢ KS&S I NB GKS aiAi S 2F | a5
relatively deep. There was no possible way to fit one of these into the origuiahsbox, so | mounted

a deep handy borext to it andplaceda blank cover plate over the original box. Just be sure when

doing this that youmount the new box on aideof the original box where there i®t a conduit!
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2.7 Outlets and Switches

The usual practice in the US is to place one switch or one duplex outl@x#irgch single gang handy
box. A 4x4 square box can also hold one or two switches or outlets using a single gayamngrd2vice
ring.

In the Casa Erres house, 4x4 square boxes with single gang rings were used throughout. However, the
single gang ring can support 1, 2 an8dular styleswitches or single outlets which are available in
many combinations. Some of the many configurations are shown below.

Figure2-13New StyléModular)Switches and Outlets

The ones showin Figure2-13 are newer models. It is much more common to find older metal plate
versions of these devicesshown inFigure2-14.

Figure2-14Old Style Switches and Outlets

The single gang ring will accept a Decora style device assuming there is sufficient room in the box to
accept the depth of whatever you are adding. For example, | replaced a number of single switches with
Lutron Maestro type dimmers. These fit well with fusther change requiredFigure2-15shows Decora
style switches and outlets.
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Figure2-15 Decora Style Switch and Outlet

2.8 Box and Ring Sizes

The electrical boxes used in Mexico are the same size as those used in the US. However, in the most

common square box size4x4 incheg; there are two styles sold. The old@nd more commondne has

mounting tabs for the device ring locatetbout 1 inch from the corners of the box while thewer style

which has mounting tab®cated about 3/8 inch fronthe corners. Home DepohiMexico sells both

styleboxes¢ KS yS6SNJ 62ES % IoNBI YilKNG| Sip2a tavile £ Sa | NB FNBIJj c
shelvesTosee the difference, note the twboxes shown ifrigure2-16.

Figure2-16 Old (Left) and New (Right) Style 4x4 Boxes

Device rings are available for the old style boxes only isitgle device size shovimthe center above
The new style boxes accept either single or dual device riRigsire2-17.
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Figure2-17 Single (Left) and Two (Right) Device Mounting Rings for New Style 4x4 Boxes

With a 4x4 box, a single device ring can be replaced by a double device ring by chiseling out the cement
covering the recessed portion of the ring, replacing it, andementing. If the box is the new style, that

is all that is required. If it is the ofdyle, the double ring will not fifThe solution is to use the ear tab
conversion clips sold by Garvin Industries (part number EC). These allow a new style double gang ring to
be mounted on an old style 4x4 b¢&igure2-18).

Figure2-180ld Style 4x4 Box with Ear Tab Adapters

2.9 ThreeWay Switch Circuits

The US and Mexican method for wiring thweay light switches is different. In the US, both switches are
GANBR (2 YI1S 2NJoNBIF] GKS fAYyS aARSFigue-®KS fA3IKIQ
below.
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Figure2-19 US Method for Wiring Thre&/ay Light Circuit
Note that the neutral is not switched and connects to the screw base of the light(s).
In Mexico, there are two other methods commonly used.

In Figure2-20, the center contact on bottswitches connect to the two sides of the light bulb(s) and
switch between the line and the neutral conductofis works of course sincesither switch is high
and the other lowthe light is on.

Figure2-20 Mexican Method #1 for Wiring Threé&/ay Light Circuit

What thisalsomeans is that there are two different conditions that leave the light bulb off. One is that

both center and screw sides of the base are low (neutral) and the other is that both sides of the bulb are

high (line). Ifunctionsjust fine, butit is dangerous becauseprovides a hot base on the outside

contact of the lightbulb. du need to be awarethai KSNB A a | pmx: OKIyOS GKFG
when it is off. Usecare not to touch the base of the bulb when changing it. Actually, youldtbe

careful not to do this even on a simple light circuit sinwny light fixtures in Mexico are wired with the

line side connected to the screw base

The second common method shownHigure2-21 connects one side of the bulb (hopefully the screw
base) to the neutral and switches the line side of the circuit (black) through a single runner (red)
connected between the two switches. This is far safer than the circiigure2-20, but it is also fairly
easy to convert to the NEC standard used in the W&d&antageo the US standards that itlends
itself to adding an additional (4 way) switch, while neither of the Mexican cirdaés
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Figure2-21 Mexican Method #2 for WiringhfeeWay Light Circuit

Rewiring these circuits is discussed in Sedti@nbut itis not alwaygpractical. For now, use caution
when changing light buldsecause the base (outside contact) may be. hot

2.10 Light Fixtures

Light fixtures should be wired and connected such that the outer sandvase is connected to the

neutral and the inner contact to the switched line. This makes changing light bulbs safer since you are
much less likely to touch the inner contact. The nefigures are wired this way, although as noted
previously,one of themost commonMexican threeway wiringmethodsdefeats this by placing the line

side on the outside of the bulb in 50% of the switch combinations. However, older light fixtures, or even
new ones bought at thiercadq will not be wired correctly. As an example of the type of light fixtures
that are wired seemingly at random, seegure2-22.
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Figure2-22 Classic Mexican Light Fixtures

The single lamp fixture on thepperleft can easily be connected correctly to the wiring on the box, but
the multiple lamp fixtures would need to be rewired completely. It would be much easier to simply
replace these fixtures with ones properly wired to begin with. If you want to use thieee fixtures,

just be careful about touching the metatrew basen the bulbs when changing them and do not rely
onthe switch to deenergize the lamp# it isa 3way circuitwhich may leave the base hot even when
the bulb is off

2.11 Mixing Low and High Voltage Wiring

Low voltage wiring must be physically separated from high voltage house wiring in the US. This is not
always the case in Mexico. For examppheCasa Erres the security system keypad and alarm wiring were
run through the same conduits as the house wiring, and an old low voltage doorbell circuit was similarly
wired through thepower subpanelThe telephone and TV coax wiring used separate conduits.

Fortunately, wireless alternatives exist for much of this todayCdsa Erred replaced the doorbell

circuit with a wireless system and replaced the telephone wiring (which was very noisy) with a cordless
system that works much better. There was no Ethernet wiring in the house, but wieausieeless

router andextender for that anyway.
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The security system hadovall wart transformer that was wired in a particularly horrifying manner. It
was placed inside the alarm control box and low voltage bell wire was wrapped around the prongs and
run directly to the unfused line inputs on a nearby subpanel. | installed a utilitexlgpitiet next to the
subpanel and plugged the transformer into sing bell wire to power the transformés apparently

the standard method for connecting the security system since the omaiasecond houseZasaColibi,
wassimilarlymiswired You should instead plug the transformer into a standard (not Decora) style
outlet close to the security system and wire the low voltage between the transformer and the security
system box. The reason for using a standard outlet is that the transformergkatively heavy and tend
to fall out of the outlet unless supported using 88 screwthat fastens them to the outlet. If you are
having a new security system installed, insist that the installéms the transformeithisway. They may
look at you funny, but they know how to do it correctly.

For more on what is available in the way of wireless equipment that replaces low voltage wiring, see
Section6.
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3 Tracing Circuits

Depending on the age of your house and how much you want to upgrade the wiring, you will need to
trace some or all of the wiring. In the case of the Casa Erres house, | traced all of it because all the wiring
was done with random colors, and it was verffidult to tell how anything was connected without a
properschematic.

3.1 Subpanel Wiring

For subpanel wiring, start by disconnecting one of the main entry panel switchimeakersand note

which subpanel is denergized. Remove the cover from the main entry panel (if there is one) and trace
the wiring from the switch. It should disappear into a large conduit. The wiring will pass through large
conduits in the outside walls or undtre floor to reach the subpanel. Thewéll not be more than two

90 degree bends in the conduit between boxes, so look for boxes with outlets, switches or blar co
along the route between the entry panel and the subpanel.

Remove the cover plates and pull out all the loose wiring so exgoseall the conduits inside the
boxes and note which wires pass through them. One trick used to minimize the amayoatosf
consumed byviring inside the boxes is to stuff one or more conductors back into a corfarit
example, suppose a white conductor in conduit A is connected (by twisting and taping) to a black
conductor that goes through conduit B. If the twisted pair is stuffed back into conduit A, then it will
appear that conduifA has 2 white conductors and 1 black conductomok for any conductor doubled
back on itself andigeit a tug to see if a taped connection emerges frihra conduit.

Now mark all the conduits according to what conductors pass through them. Use masking tape on the
wall directly over where the conduit runs and note the number of each color conductor. For example, if
there are 2 white, 3 black, 1 red and 2 green condugtarst write 2W, 3B, 1R, 2G on the tape over this
conduit. Do this for all conduits along the route. The number of wires of each color entering and exiting
the same conduit shouldf coursepe the same. So beginning at the entry pagel)can trace the

conduits and conductors running to the subpanel(s).

If, like Casa Erres, the wire colors were chosen at random, the next step is to determine the correct
usage and correctly color code them with electrical tape. Choosédonlne phase and mark it BLACK

and mark the othehot line phase RED. Mark the neutral WHITE and the earth ground GREEN at the
entry panel. These should all be a large wire gauge like AWG 6 or 8 so they should be easily
distinguishable from any branch circuits that may be running though the same condtliesasare

generally AWG 10, 1& 14.Use the voltage probe to identify the Line 1 and Line 2 conductors. If these
happen to be two different colors (say black and white) then you can determine which is Line 1 and
mark it with BLACK amhich isline 2 and mark it with RED tape. Even if the conductor happens to be
the correct color (BLACK in this example), mark it with black tape arsawagu will know that it has

been identified If the colors are the same (say both white) you will need to temporarily disconnect one
ofthemanduset8 @2t G 3S LINRP6S (G2 4SS 6KAOK O2yRdzO02NJ A a
fuses, just pull one. Otherwise, you will need to disconnect a wire from the dual circuit breaker main. Of
course, disconnect the power at the breaker before doing thisn tteeonnect it to test with the probe.
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Continue in this manner until the line 1 and line 2 conductors are identified and marked all the way to
the subpanel.

There should be a large gauge neutral and earth ground. These should be connected together at the
entry panel, but separated at the subpanel. But they may be connected together at both ends. Also,
the earth ground may be a smaller gauge under the fa¢seiaption that it does not carry any current.

It might be easiest to identify the earth grousthrtingfrom the subpanel end. (It should be connected

to the ground terminal on outlets on at least a few branch circuits such as in the kitchen.) The neutral
and earth ground may be mixed up or interconnected as was the case in Casa Erres, but pick one of the
larger conductors and mark it WHITE for the neutral and another one and mark it GREEN for the earth
ground. Do not try to disconnect one end or the other to trace it as floating the neutral cariti@su

large overvoltages throughout the housénstead, use the current sensor to see which one is carrying

the most current and label it thé&/HITEheutral. The earth ground should not be carrying any current,

but since it may beniswiredat this point, it may be carrying some.
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tape according to their function.

You can how make a schematic of the circuits between the entry panels and the subpanels. Use those in

in Sections 942 as a guide. These were made using a schematic design prograprddated nice
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indicate an outlet box on the northeast wall of bedroom 3. 1 like to label the conduits the same way

they are labeled using the masking tapes oatall €.g> & H 2 X o , tiemmakk #th® éoductors

accordng to their actual usage (arwbrrectedcolors).

Once the conductors and conduits are mapped out, it is much easier taripoiresandfigure out
ways to improve the wiring, in many cases without having to pull new wires through the conduits. This is
discussedn Sction4.

3.2 Branch Circuit Wiring

In a similar way, the wiring of the branch circuits can now be traced. Start by throwing a breaker at one
of the subpanels and seghichlights and outlets no longer work. Do this for all the breakers in one
subpanel. Select one of the branch circuits and think about how the wiring might run from the subpanel
to the first disabled outlet, switch or light in the branch. Remove the coxaegland pull out the loose
wiring. Again, look for wires that are doubled over and stuffed back into a conduit. Nokvathéhe

conduits using masking tape on the wall directly over the condtigure3-1 shows a typical switch box

with three conduits marked on the wall and after the conductors have been identified and marked.
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Figure3-1 Switch Box after Marking Conduits and Conductors

Ideally, a conduit will carry only the conductors used in a single branch circusipimatimesit will be

used for twoor more. The high side of a circuit can be found by noting which conductors are connected
to the high side of a receptacle (the small blade) and confirming this with the voltage probe. But there
may also be other high side conductors in the same outlet box caedés a different circuit breaker. If
there are two, markboth of themBLACHKut then add identifying labels using YELLOW tape

distinguish the two circuitsTrace all the high side wiring throughout the branch using the voltage probe
and switching the circuit breaker on and off to confirm it is the correct branch. In the subpanel, mark the
BLACK conductors for the branch with a piece of YELLOW tape thafiedeht branch. You could

write the circuit breaker number on the tape, but it is better to note the branch by name or function; for
SEFYLX S d.woé F2NIOSRNRB2Y od ¢KAA A& odkdedasS e2dz
subpanel so that this branch connects to a different circuit breaker.

Now go back to the first box in the branch and look for conductors connected to the large blade on a
receptacle. This is the neutral for that branch and it should be marked WHITE. Mark all the conductors
connected together to this wire WHITE also. Do thisall of the outlet boxes that have been opened.

There may be two neutrals in a box corresponding to two branches. These should all be marked WHITE
but they should also be labeled with a YELLOW tape to identify which branch they are part of. If the
neutral is connected to an outlet that is part of branch circuit BR3, then it should be marked accordingly.
If it issimply passing through the box to, say BR2, then you needrtfirmthat using the current

probe. The current through the high side of branch BR2 should be equal to the current through the
neutral of branch BR2. (Be sure to turn on a lamp somewhere on branch BR2 in this case to produce a
current). It is not very difficult to iehtify the circuits in the outlet boxes along the branch. But itlsan
difficult inside the subpanel since all the neutrals are connected together on a busdzan, danot
disconnect the neutrals to identify which branch they are used in as this can result in large over voltages
Instead,use the current probe to find the neutral that is carrying the same current as the high side
conductor for that branch. The reason for identifying the neutrals used with each branch is that if the
high and neutral conductors for a branch are (or can bppagated from other brancheshen a GFCI

breaker can be used for that branch.
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You can now label earth grounds in the branch if there are any. These will be connected to the earth
ground contact on the receptacles. Mark these conductors GREEN. It is not necessary to distinguish the
earth grounds of different branch circuits since $lkeall connect together even if GFCI circuit breakers

are or will be used. In the subpanel, you can identify the earth ground for the branch by first locating the
conduit used to carry the conductors to the branch circuit under investigation. The higargidesutral
conductors will go through this conduit and there should be another conductor which is not yet marked.
It will have no voltage (use the voltage probe) and will carry no current (check with the current probe)
even with a branch lamp turned ott.should be connected to other earth ground wires, but it may be
connected to the neutral bus instead. In either case, mark it GREEN.

Finally, identify the switched logtight) high side conductors the switch boxesMark these BLUE and
also use YELLOW tape to identify their purpose; forexamplét . wo/ ¢ F2NJ . SRNR2Y o OS

Now you can draw up a schematic of the branch circuit.

3.3 Hidden Junction Boxes

What if in tracing a branch circuior the subpanel wiring) I O2 Y RdzA G G RA & LILIS|I N& ¢ K
several times in Casa Erres. A ceiling light box had a conduit which came from the subpanel, a conduit

that led to a wall switch and a conduit that appeared to lead to another series of ceiling lights. The

problem was, the wire colors did not match up. Thatliere were 3 white conductors leaving one box

and no such combination of conductors in any of the other conduits abtier boxes along this branch

circuit. It appeared that a junction box was missimghe branch circuit

In two cases, what had happened was that ceiling boxes had been used as junction boxes with blank
cover plates, then these had been carefully plastered over. In one case, the missing box was spotted by
looking carefully at the ceiling at an angle so asde a slight depression in the plaster that tobk t

form of the square cover. In the second case, the missing box was only found by using theraeuit t

(See the description inegtion5).

In a final case, the missing junction box was found behind a kitchen cabinet that had been installed over
the box during a remodel. Fortunately, the carpenter had cut an opening that provided access to the
junction box, but it was skillfully hidden insidedecorative shelf between the top of the cabinet and the
ceiling. It was accessible, but just barely. | doubt | ever would have found this box without the circuit
tracer.

In the case of Cagaolibi, someone must have instructed theorkmento be sure andideall junction
boxes.| found a total of 7 of them, but all were so skillfully covered with plaster, tile, and/or cabinetry as
to make them invisible. The circuit tracer was the only way they could be located.
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4 Upgrading

This is a question that depends on your skills, interest, tame the condition of the house. You could
OSNIFAyte G1F1S GKS LRaArAdGAz2y OGKFG AF Ad AayQd oNERJ
this section so you will know what is feasible to change in,dasexampleyou want a dimmer, timer

or brown out protecta. In my own case, | made all the changes discussed in this chapter working a few
hoursaday, afewdayag SS1 2 2@0SNJ I &SI NRa (AYSao ltchangdsiiikeSRf 8> &
replacing the subpanels, turned out to be a LOT of work, and the system works pretty much the same

now as it did before. But it gave me a much better familiarity with what was going on with the wiring,

and the system is now much easierttouble shoot and repair than it was befor&nd, of course, it is

safer.

One thing that | did not do, at least hot much, is to pull new wires through the conduits. In several cases,
I would have liked to do this, but | found that sometimes the existing conductors were pinched in the
conduits and there was no possibility of adglianother conductor, let alone replacing existing

conductors with those of the correct color and wigauge. But this is rarely necessary. Just tape the

ends with the proper colored electrical tape. The electrons do not know what colored wire they are
flowing through but proper taping tells you and the next person to work on the wiringvhat the

function of the conductorss.

The upgrades discussed below are arranged starting with the easiest to make and progressing toward
the most difficult.

4.1 Replacing Switches and Outlets

This is the certainly the simplest upgrade you can make. It will improve the look of the house amd add a
elementof safety as well if you are replacing the older style metal plates with the newer plastic ones.

You should of course disconnect the electricity at the circuit breaker box before handling the wiring.

The single pole single throw switches used in Mexico are csdliedillosand the single pole double
throw switches used in the-®ay circuits are calledscaleas. In this section, switches are alirgile (not
3-way) types. Thregvay switches are discussed in Section 4.7.

There are many differemhodularswitch styles available at Home Depot MexiChmseone that offers

all the switch configurationthat you will be using (single, double, tripleway, etc.)Select switch types
where the contacts contain a saddle type wasthichclamps the wire when the screw is tightened.
These are MUCH easier to use than forming a lougerthe screw head, especially with stranded wire.
Note that when received, the screws may be in the tightened position. You need to unscrew them to
open up the clamp for the wire conductor.

It is important to get the polarity (hot and neutral connections) correct on all the switches and outlets.

Beforereplacing the switches and outletsantactog, use the voltage probe to identify the high and
neutral conductors, andote whether thewire colors are correct. (See@&ion2.3). On outlets, the high
side should be the small&tadecontact and on light circuits, the high side should connect to the switch.
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To test for proper polarity on the switch, measure the voltage on both terminals of the switch using the
voltage probe with the light first ON then with it turned OFF. Compare the readings to thetahith

shown inTable 41 below. Since at this point you do not know which terminal is connected to the load
(light), the only way you can determine for sure which configuration applies is to look at the Light ON
condition where both terminals are the same. If they are both Higd switch is correctly wiredf they

are both Low, the line and neutral are reversed. See the simplified schematics below. If the switch is
wired correctly, the table tellgouwhich conductor should be marked BLUE (Load). It is the wire that
measure Low when the light is OFF.

Table4-1 Truth Table for Single Switch Light Circuit

Configuration | Switch Contact Light ON Light OFF
Up Down
SW1A i i
SPST H!gh High
SwaB High Low
SW1A
SPST Reversed Low L9W
SW2B Low High

Single Switch Light Circuit
N

swi | i 1
Line A o608 ‘

Neutral

Single Switch Light Cirduvith Line and Neutral Reversed

Sw3 i j
Neutral A o~ 0B

Line ‘

If the switch is wired with line and neutral reversedesf there is a consistency in the color coding or
reversal ofthe lineand neutral conductoren this branchFor example, if all the switches are connected
to the neutral, you may have a situation like that shown in Figuré& ®ich | found in Casa Colibri. In
that case, it is easiest to correct the polarity by swapping the neutral and hot wires for the hiacaih

in the circuit breaker box. That might cause the outlets to be reversed (if they were properly wired to
start with), but itvery easy taeverse the neutral and hot wires at an outlet when changing it, and not
S0 easy to do this at a switch.

After making any changes at the circuit breaker end of the branch, retheckvitches and outlet
wiring with the voltage probe and mark the conductors with colored tape. Then replace the switches
and outlets with the new ones.
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This would be the time to decide whether to repla®ytwisted and taped connections with wire nuts.

Look at the connection and if all the wires appear intact and the tape is in good shape (not peeling off), |
would leave these alone. The main advantage of the wire nuts is that they are much easier to remove
when you need to disconnect a wire from a bundle or add a new, Wwirethey do use up more space in

the box.

If you need todisconnect or ad@ conductor, go ahead and open up the taped and twisted connection,
then use a wire nutollowing the directions given in Section 2.6.

If your existing circuit used an earth groucahductor, then for sure you need to replace the outlet with
one havinganearth ground terminal. But if it lacks the ground wire, you have a choice between
installing a new 2 terminal outlet or a new 3 terminal outlet with the earth ground terminal
unconnected. There are pros and cons to either approachiryupersonal preference is tese 3

terminal outlets. This is because when you do need to plug in a 3 prag®ince it is always a pain

to find an adager to a 2 terminal outlet. And the result is an ugly and unreliable connection since the
adapter tends to fall out of the outletasily Again, try to find outlets that clamp the wire. For some
reason, these are harder to find on outlets than on switches.

4.2 Replacing an Outlet with a GFCI Type

A single outlet such as migbéin the kitchen is easily replaced with a GFCI oullee GFCI protection
provided by these receptacles senses the small difference in current between the line and neutral wires
when a potentially lethal current occurs from touching a faulted exposed surface. You might feel a small
shock under these conditian but the GFCI device will trip at a very low level very quickly so as to
prevent injury or deathAs such, they are a very good way to add safety to your house wiltilege

outlets provide protectioneven when there is no earth ground.

GFCl outlets are not readily available in Mexico. Home Depot did not carry them, and the local hardware
store did, but wanted nearlyy 550 forone. There are a number of models available. | prefer the ones

with an LED light to showhen theyare powered. Also be sure to get one that uses the saddle type
clamps for the wiring. These are much easier to use with stranded Bir@ot use thekind with pushin
openings on the back with stranded wiréhe ones | got were Leviton RRZ5990RW. These are the

white color. They cost aboliS513 on Amazon.

Normally in a kitchen, a single GFCI can be used with its output connected to one or more other outlets
to provide protection to the entire room. In Casa Erres, there were only two outlets, but between them
was another connection for the stove and overhdad and light. Rather than try to rewire all this, it

was much simpler to simply replace both outlets with their own GFCI dirigtred-1). | did the same

in the powder room which had a single outlet (without a light switch).
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Figure4-1 Kitchen GFCI

In bathroom #4, there was a switch and outlet combinatimilar to that shown ifrigure4-2.

Figure4-2 Bathroom Switch andQutlet

As discussed iregtion2.8, it was necessary to replace the single gang ring with a double gang ring using
ear tab adapters. The tile around the 4x4 box had to be removed using a diamond blade saw. The
pictures inFigure4-3 show the steps.
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Figure4-3 Steps for Replacing Bathroom Switch & Outlet with Decora Style GFCI

(upper left) Note old style 4x4 box tabs; (upper right) ear tab adapters installed; (lowe
dual gang ring installed; (lower right) Decora style switch on left, GFCI on right

Be prepared to do some repair on the wall, as shown above, or buy an ovexgirg) Decora style wall
plate to cover the unavoidable chips that occur when cutting the old tile.

4.3 Replacing Circuit Breakers

Circuit breakers do not normally wear out, and unless they are of i@, @FI or DF style, there is no
simple way to test them. Therefore, you will probably replace them only if éinepf the wrong size to
start with or if you are upgrading the wiring to provide, sayCGifotection to an entire branch circuit.

In Casa Erres, | found that most of the wiring was a mix of AWG10 and AWG12 conductors. These were
nearly allincorrectlyfused at 30 amps. | checked the current as well with the ckampurrent probe

and found that all these circuits ran about 10 amps or less. So the #10 wire was probably used to cut
down on voltage drop, or maybe because it was available that day. Invamy, ¢he breakers should be

sized for the smallest conductor, so | changed all of them to 20 amp sizes.
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The most common series of breakers in Mexico seems to be the Square D (Schneider Electric) series QO.
Hundreds of breakers are made in this series, but the most common ones used are the following:

Table4-2 Most Common QO Series Breakers

Current | Single Double Tandem Single Pole | Single Pole | Single Pole

Pole Pole Standard | Ground Fault| Arc Fault Dual
Standard = Standard (GR) (AFI) Function
(DF)
15A QO115CF QO1515CP QO115GFICF QO115CAFIi QO115DFC

20 A QO120CE QO220CP  QO0O2020CF QO120GFICE QO120CAFIt QO120DFC
30A QO130CE QO230CP

50 A QO250CP
70 A QO0270CP
100 A QO02100CF

The use of tandem breakers is a great way to add an additional branch circuit to an already full breaker
box, and it is a better solution than simply paralleling multiple circuits to the same breaker.

GFJ breakers detect the difference between the line and neutral conductors and trip if the difference
exceeds about 6 ma. They are designed to provide protection against someone coming in contact with a
line side conductor.This is a good alternative to the wall surgery required in a bathroom described in

the previous section to replace a modular switch + outlet combination with the decora style switch +
GFCI outletbut it does require a separated neutral.

Arc fault breakers detect the presence of an intermittent current due to arcing which might be caused
by a partially broken lamp cord, etc. Dual function breakers provide both ground fault and arc fault
detection.

All three breakerg GFJ, AFI and DF require connection to both the line and neutral conductors of the
ONI YOK OANDdAGD® {2 AF GKS ySdziN*f KFa 0SSy 02yySO
before one of these breakers can be installed

Home Depot in Mexico carries standard and GFCI breakers. If you need one of the others, it must be
ordered from the US.

4.4 Fixing the Earth Ground

As discussed iregtion 2.2, the earth ground should be connected

9 to ground terminals on outlets when they alecated indampareas like the kitchen, bathrooms
or cellars;

1 to water pipes and metal housings on pumps, etc.;

1 to the earth itself via a metal stake at the entry pof{nieter);

9 and to the neutral conductor at the entry point only.

There should be no current on the earth ground between the entry point and the subpanels, but there
will be some currenfless than 1 ampt the main ground connection. This is because the neutral is not
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exactly at ground potential because the neutral conductor betweemtie¢er and the power
O2YLI yeQa UGNIYaTFT2NN¥SNI KIa a2yYS NBaAraldlyoSo

Isolating the earth ground from the neutral at the subpanels will involve some circuit tracing to identify
the grounds and the neutrals, then removing the earth ground conductors from the subpanel neutral
bus bar, if they are connected to it. The neutraklbar should be isolated from the subpanel by
insulators and there should be a separate earth ground bus bar that is not isolated from the subpanel
chassis. In Casa Erres, the subpanels did not have isolated neutral bus bars, and this is one of the
reasors | decided to replace them with QOX serliead centers as discussedsaction 410.

But having done all that, | discovered that the earth ground was still not working corieegending

on whether or not the washing machine was pluggedheré¢ was a current in the earth ground

between the main entry and the subpanel! The reason was that the large bare strgnoi@adingwire

that was connected to the neutral and earth ground bus bars at the entry panel and which disappeared
into the cement wall near the water pipes, was atuallyconnected to ground. In fact there was a
resistance of 500 ohms between this wire and the main copper water pipe. There was also a voltage of
about0.7 V between the neutral and the water pipe. What was happening was the neutral was being
grounded through the washing machine frame which was connected to the plumbing inside the house.

Thegroundingsolution was to connect a short length of AWG 8 wire between the entry pengtal
and groundous bars and a brass clamp around the main copper water pipe-i§ee4-4.

Figure4-4 Ground Wire between Entry Panel and Main Water Pipe

The current through this ground wire was measured at about 0.5 amps.

| also measured the resistance of the copper plumbing system between this point and other locations
around the house. It was less than 0.5 ohms everywhere except across the hot water heater (inlet to
outlet) and across the water pump used as part of thelethouse filtration system. So | added #8
jumper wires at these placde ensure ground continuity throughout the copper plumbing systSee
Figured-5 andFigure4-6.
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Figure4-6 Ground Wire at Filter Pump

You should verify the integrity of the earth ground connection at every outlet where it is connected. The
best way to do this is to measure the resistance between the earth ground terminal and the neutral
terminal using an ohm meter. It should be less tiaohm. To get the best measurement and also to
protect your onm meter in the event that there is a miswire, make this measurement with the electricity
to the entire house turned off at the main breaker.
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4.5 Surge Protection

If lightning strikes a power line or if a storm causes a primary(1i8&YV or sdp fall across the
secondary lines feeding your house, great damage can result to the appliances before the circuit
breakers blow. Various devices are sold as surge protectors to prevent or reduce the risk of this
damage For examplethe brownout protectors described ineStion4.6have this feature.

The best solution however is to provide whole house surge protection at the service entry panel.
Assuming you have a QO series panel at the entry with two extra (adjacent) slots, you can install a
QO2175SB surge protector. These install just like standerdit breakers except they contain a pigtail
white wire that needs to be connected to the neutral/earth ground bus.

Figure4-7 Q0O2175SB Surge Protector

Figure4-8 Surge Protector Installed in Entry Panel

An interesting feature to this product is that Schneider offers a two year warranty that covers up to
$10,000 damage to home appliarszter the surge protector is installed. Cost on Amazon is about
USH60.
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4.6 Adding Brownout Protection

Brownouts carcause serious damaghn our neighborhood we have experienced several sustained
(hours long) brownouts that caused extensive damage to the electronics used to control refrigerators,
ovens, hot water heaters, security systems, etc. On one occasion, | measured the line & vatdages

of the three phases. One was 127 volts (exactly correct), the second was 85 volts and the third was 35
volts. These latter two voltages are well below the 5% tolerance that is expected for power lines.

There is an inexpensive solution that can be used, but it requires sax®ats A plugin device is

available from a variety of internet sites that provides brownout and overvoltage protection. Cost is
aroundUS$H13 for the 120 VAC models ab@&20 for the 220 VAC unit. The various models are listed in
Table4-33 below. The only 220V appliance that you are likely to want to provide brownout protection
for isan electricoven.

Table4-3 Brownout Protectors

Model Voltage Current/Power Delay Time Application
PROTEGELE 120V 15A/1800W 10 seconds ¢c+Qazx t/
PROTECRF 120V 15A/1800W 3 minutes Refrigerators
PROTEGAC 120V 20A/2400W 3 minutes wSFNR IS N
PROTEGAC 220V 2400W 4 minutes 1/ Qa4 hg
220V

Protect-g g

00

%"‘7.";""%
I
a

Figure4-9 Plugin Brownout Protector

The 120V models are specified to disconnect when the voltage input drops below 90V or gets above
130V. The 220V model disconnects below 187V or above 245V. The problem is that neither of these
thresholds have tolerances specified.

| measured the actual thresholds of 8 different units (6 type AC and 2 type ELE) and found that the
upper threshold specified is the minimum value and the lower threshold specified is the maximum
value. In the plots below, the triangléndicate the nominal value of the line voltage and the specified
value of the threshold value$he vertical bars indicate the nominal range for the power line voltage
and the measured range for the upper and lower thresholds.
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If you are in an area that delivers three phase power, the normal range of the line to neutral voltage is
127 +£5%. Figure4-10shows that the upper end of the line input may exceed the 130 V specified upper
threshold.

140
135
130 1
125
120
115
110
105
100
95
90 *
85
80

Line to Neutral Brownout Detector LV Brownout Detector HV
Threshold Threshold

Figure4-10 ThreePhase Line to Neutral Voltage Compared to Thresholds on Brownout Protector

Thereforeusing these devicas an area where you have 3 phase poweuld result ira nuisance
disconnect due to a slight overvoltage. | had 8 of these installed for ngégdsis, however, and never
experienced this problem. The 220V device thresholds are shotigime4-11and these do not show
any potential problem.
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Figure4-11 ThreePhase Line to Line Voltage Compared to Thresholds on Brownout Protector

If you live in an area where your powetig phase, the problem is reversed. That is, the 120V devices
have no potential threshold problem, but the 220V unit does (at the upper threshedaf-igure4-12
andFigure4-13.

140
135 1
130 1
125
120 A
115
110
105
100
95
90 *
85
80

Line to Neutral Brownout Detector LV Brownout Detector HV
Threshold Threshold

Figure4-12 Two-Phase Line to Neutral Voltage Compared to Thresholds on Brownout Protector
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Figure4-13Two-Phase Line to Line Voltages Compared to Thresholds on Brownout Protector

4.7 Dealing with Thre&Vay Switches

As discussed igection 2.9, the way thregvay switches are wired in Mexico is often very different from

that used in the US and may result in a high voltage being present on the outside base of the bulb (even

when the light is off). | have found 5 differemtring configurations for threg I €

OA NDdzA da&

It is possible to identify the circuit configuration by using a voltage probe at the way3switches and

recording the readings (High or Low) for each of the 4 combinations of the two switches (the two ON

positions and the two OFF positions).

First note that the center contact (C in the following diagrams) is a diffemat screw on the two 3
way switches. Use the voltage probe and record whether this voltage is High or Low for each of the four
combinations of the switches. Then compare the readings to those shoWatbile 44 below.
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Table4-4 Truth Table foDetermining 3Vay Switch Configuration

Configuration | Switch Contact Light ON Light OFF
Up/Up Down/Down Up/Down  Down/Up
SW1iC i ; - -
US Standard H!gh H!Qh High High
SWac ngh ngh Low Low
SW1iC
US Reversed Low Low L.OW L?w
sw2c Low o High y—
SW1i1C i ;
MX#1 High Lo High Low
swzaC Low ngh ngh L
SW1i1C i : )
MX#2 High High High Low
SWee High High High Low
SW1iC .
MX#2 Reverseo Low Low Low Hfgh
SwaC Low Low Low ngh

For example, consider the US standard configuragtomwnbelow. When the light is on, both switch
center contacts are high, and when the light is off, one switch center contact will be high and the other
switch center contact will be low.

Configuration USstandard

Swi Sw2

A Ag

Line C o \o c

o8B Bo

If the line and neutral are reversed in the above, we get the US Reversed configuration which is very bad
because the bulb is always at line potential, even when it is off.

Neutral

Configuration USvith Line and Neutral Reversed

Swi Sw2

Ao

A
Neutral c o ~o_C
0B

Bo
Configuration M¥1 is also aangerousconfiguration as it provides a 88D chance that both contacts
on the lightbulb will be at line potential even when it is off. The line and neutral used in SW1 and SW2

Line
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are usually connected together as shown, but | havenseen them connected to different circuit
breakers

Configuration MX#1

swi SwW2
Line A A
o A
~o_C C 0/o
Neutral Bo oB

Configuration MX#2 leaves the light at neutral potential when it is off, so it is much safe¥ikah But
it is also relatively easy to rewire to the standard US configuration without adding conductors.

Configuration MX#2

Swi Sw2
Line Ag

U

If the line and neutral are reversed with MX#2 we get another hazardous condition since the light bulb
will again be hot even when it is off.

Neutral

Configuration MX#2vith Line and Neutral Reversed

Swi1 Sw2

Neutral A A
O. A |

Line 5 So-¢ c 5.’ .
o) oB

U

Ofthe five possible ways a thragay switch circuit can be wired and function, one is standard and safe,
one is norstandard and safe, and three are hazardous and should be corrected.

Rewring to Eliminate the Thre&Vay Switch

One easy Wy to correct a dangerous thragay circuit is to simply convert it to a simple single switch
circuit. You certainly would not want to do this for the switches at the top and bottom of a stairway, but
many imes threeway circuits are actually a nuisance. For example, many of the bedrooms in Casa Erres
had a ceiling light switch near the door and a second switch mounted near the bed. The theory behind
this is that one entered the room, got ready for bed, and then turaatithe overhead light witbut

leaving the bed. But that assumes one does not read in bed using a table light. And many of the
overhead lights had since been replaced with ceiling fan/light combinations that use remote controls. If
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you wanedto turn off the light but leave the fan on without leaving the bed, yoould use the hand
held remote control. Theecond switch next to the bezbuldnot be used becausewould removeall
power from the ceiling fan/light

Eliminating a threavay switch is very simple. With MX, just connetthe neutral to the load wire in

the bedsideboxand eliminate the switch. The switch by the door can remaircirdareplaced by a

simple (not 3way)switch. With MX2, it is even simpler. Just remove the bedside switch and cap off the
conductors with wire nuts. Switch 1 may be left as is or replaced with a simple switch.

Rewiring MX¥1 and MX2 Configurations to US Standard

The above diagrams are simplifications. Actual wiring through the conduits may assume many other
forms including routing all the conductors through a junction box, through the connection box above the
light or through one of the switch boxes.

If the line and neutral are reversed, this should be corrected first. Check whether the line and neutral
are reversedt otherlights on thesamebranch circuit. If that is the case, the line and neutral are
reversed at the circuit breaker or in a junction box connected to theuttibreaker. If only the three

way light circuit is reversed, the error is most likely at the light itsetfngr of the switchegonnected to
the light.

To convert MX#1 to the US configuration, see if the line and neutral at the tail end of the circuit (SW2)
are connected to other lights or outlets. If this is the case, you will need to pull an additional black and
white wire through the conduits to feedese devices since the existing line and neutral between the
switches will be converted to runnefwires that go between the switches and do not connect to
anything else)

When rewiring, it is generally easiest to first disconnect all the wiring at the switches. Use the voltage
probe to identify the line and neutral coming from the circuit breaker and mark them black and white
respectively. Use the ohmmeter to identify tveonductors that can be used as the runners. Mark them
red. The remainingwo wiresconnect tothe light. The one that connects to the scrémwouter contact

on the bulb should be marked white and the one that goes to the inner contact should be marked blue

The line (black) will connect to the common contact on one switch while the load (blue) will connect to
the common contact on the other switch. The common contact (C in the above diagrams) is normally a
different color screw on the switches. The runneedjrwill connect to the other two contacts éhdB
above).

As mentionedthe above diagrams are simplifications that do not show the actual routing of the
conductors through the conduits. There are many possible arrangements for this, but three common
ones are showin Figure4-14for the US configuration. In the first, the line conduit connectth®SW1
box,and the load conduit tthe SW2box In the second, both the line and load conduits conned¢hto
SW2box. In the third, the line conduit connects to the load (light)x. There are similar variations for
configurations M¥1 and MX2. However, yoshouldend up with one of the three shown below after
rewiring.
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Note that there are always three conductors between the two switcbesthat comesfrom the circuit
breakerbox (either black or whitegand two thatrun between the switches (redfror simplicity, the
green earth ground conductor is not shown in the diagrams or included in the count.

From CB

WHT WHT WHT
BLU
RED RED
BLK /: o o ~No BLU
SWITCH #1 SWITCH #2 LOAD
WHT
o RED RED B
o RED RED o B
BLK BLK WHT
SWITCH #1 SWITCH #2 LOAD
From CB
L WHT
/O RED RED B
’—Q o RED RED o B
BLK BLK
BLK
SWITCH #1 SWITCH #2 LOAD

Figure4-14 Three Equivalent Ways to ConnedVay Switches (US Standard Configuration)

4.8 Adding Timers and Dimmers
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your housewill look occupied even when you are not home. The newest generation of timers can be
programmed to switch based dimes of sunrise/sunseds wellasat fixed timesduringthe day. One of

the most flexible and easiest to program is the Honeywell RPLS740B (white) or RPLS741B (almond)
timer. These are available on Amazon for abd&30. The Decora style wall plate is not included so be
sure toorder one separately. This model requires connection to the neutral wire as well as the line and
load wires so you should check that a neutral exists in the switch box you plan to use. It will switch up to
1800 watts. Honeywell also makes a number of ottm@dels including ones that work in W&ed

three-way circuitsThese will NOT work with thregay circuitsuch as M¥1 however. (See Sectich9).

The timers will replace a standard wall switch, but may require a separate box adjacent to the one you
want to use. This is because they occupy a good bit of degdd(inches), and the existing box may
already contain a great deal of wiring, connectipet. It is a simple matter to install a new handy box
next to the existing box for the timer. Just be sure to check that there is not already a conduit in this

t20FiGA2Y
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accommodate the timerSeeFigure4-15.
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The programming is accomplished using three buttons and is very simple once you figure it out.
Honeywell provides a pretty good user guide. The timer calculates sunset and sunrise from your latitude
and longitude which you enter during the programmindéeil provide a list of these for larger cities
including those in Mexico).

You can tell the timer whether or not you want it to automaticadjustthe time for daylight savings

time. This is very handy but also a problem because in the US, daylight savings time begins on the
second Sunday in March and ends the first Sunday in November. In Mexico daylight savings time starts
the first Sunday in Aprind ends the last Sunday in October. What this means is that yourGifaer Of 2 O
will be one hour off for one week around the end of October and/or beginning of November, and it will
also be off by one hour for a period @ther three or four weeks during March and early April. You can
always set the clock manually in which case sloouldleave the daylight savings time featutesabled.

Figure4-15Honeywell Timer

Replacing some of your existing switches with a dimmer can really modernize the look and feel of your
house. My favorite is the Lutron Maestro serieatron modeMACEL53M-WH is the white version

which works with incandescent loads up to 600 watts and with CFL or LED loads up to 15Q@waiis.

get the identical looking MAOO-WH because it will not work with LED bulbs. Thie small buttons on

the right are used to preset the light level up or down. LEDs on the left show the setting. Once set, a
simpk tap on the large center button makes the light slowly turn on to the preset level or slowly turn

off. Supposedly this prolongs the life of the bulbs, but the effect is what is really nice. You can buy these
dimmers for aboutJSb30 on Amazon. Be sure to get a matching Decora style wall plate since these are
not included with the dimmersThe dimmer id-1/8 inches deep si should fit in an existing switch

box

To install one of these, just connect thiee and loadviresto the black and brass colored screw$e
blue screwis for connecting to a multipkocation(3-way or 4way)circuit, and the green is for
connection to an earth groundf there is no earth groundust cut off the green wiren the switch
There is no neutral connection on tldsnmer.
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When using this dimmer with LEDs, you will need to follow a simple programming step after installing it
to set the minimunlight settingsothat it does not produce a flicker. It is also possible to program the
switch for different fade times, delayed fading and other characteristics. The procedure for these
additional programming optionis not included with the dimmers, but if you are interestgali can

download the instructions fromttp://www.lutron.com/TechnicalDocumentLibrary/048459.pdf

> SIS
-

Figure4-16 Lutron Dimmer

There is a small slide switch just below the large button that should be used to disconnect the light
circuit if you need to change a bulb.

4.9 Adding to a Circuit

The easiest way to add to an existing circuit is to use wire mold, a plastic surface mount channel that is
sold in a variety of sizes at Home Depot Mexico. The boxes are open on both front and back surfaces, so
you can mount one directly over an existingkbMount the channels with #6 sheet metal screws into

plastic anchors about every foot apart. There are angles made that snap over the corners, but |
recommend you use some white silicone to help hold them in place. This system is a bit fragile, so you
should only use it where it will not be subject to rough bumping. It is also not suitable for outdoor or

wet locations. Se&ection 11.2or some pictures showing the use of wire mold.

Another method is to use a box extension over existing boxes with waterproof flex conduit connecting
to any new boxes that can be surface mounted on the wall. This is the system | used in the pool pump
areathat is described irsection 9 The flex conduit is clamped to the wall every couglfeet. This is a

very durable system that is suitable for outdoor and wet locations, but you would not want to use it in a
living area.

The best but most difficult to install method is to add a flex conduit inside the walls. This requires cutting
a slot and chiseling it out between the old and new recessed b&xgsre4-17 throughFigure4-20
show the steps involved.
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Figure4-17 Installing New Circuit Step 1

Mark the outline for the channel and new outlet box. Then use a hammer drill around the outlet box outline andg
diamond blade saw to cut the sides of the channel

Figure4-18installing New Circuit Step 2

Use a chisel to cut out the channel and the box opening
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Figure4-191installing New Circuit Step 3

The tubing is held in place by twisting wire ties that are wrapped around a concrete nail

Figure4-20Installing New Circuit Step 4

Cover tubing with cement and paint

4.10 Replacing Knife Switches and Old Circuit Breaker Panels

Load centers (circuit breaker boxes) arailablein a large range of sizes with various options for

covers. A typical surface mounted box with space for 8 brealata cover door suitable for use as the

entry panel in a protected location is QO816L100DS showigure4-21 below. The outdoor version is
QO816L100RBCPeciphering the part numbers is not simple; the best way is to look at the descriptions
YR LIAOGdINBEa 2y 12YS 5S1L1RiEQa S0 airisS G2 RSOARS
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Figure4-21 Q0O816L100DAdoorLoad Centefleft)& QO816L100RBCP Outdoor Load Center (Right)

Load centers like the one shown above may be wired with main disconnects by connecting the input

wires to a double pole breakévcated in the left most pair of spacddormally circuit breakers unplug

FNRY (KS ONBIF{SNIO62E yR N8B y2i aftA@Sé | FGSN (GKS
disconnect breaker, this is not the case, and the breaker and its attached wiridgaéeSo when

using a main breaker in one of these load centers, be sure to use the PK2MB retaining kit on this

breaker. Se&igure4-22. This keeps the breaker from being readily removed.

]

Figure4-22 PK2MB Retaining Kit

There is a trick to installing the retainiki. With the breaker out of the box, loosen the screws for the

two conductors and na&how the conductor clamps operate. You will needdmstall theseconductors

after the breaker is mounted and the retaining kit is installed. Also note how the retaining kit fits against
the bottom of the breaker and the location on the insulated mounting bar where the screw will install.

Install the breaker then hold the retainer in place with one hand while starting the screw by hand using
a 5/16inchsocket. Tighten the screw as much as possible by turning the socket dythan inseria 6
mm Allen Wrenclin the % inch drive on the socket. This size Allen Wrench fits well and lets you tighten
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the screw. Nothing else | have tried seems to work including using a ratchet drive and/or a flex angle
coupling because of the very limited space between the screw head and the back of the breaker box.

Finally reinstall the two conductors and tighten the screws on the breaker. Push in doréaker
screws while fitting the conductors into the clamps. This opens the clamps which may have closed
somewhat while installing the breaker and retaining kit. Tug on the conductors to be sure they are
securely clamped in the breaker.

An example showing how | replaced two large knife switches with two of the abdwer load center

boxes is given iBection 10In Section 12, | replacexhotherlarge knife switch with an outdoor load
center.lt is necessary to pull the met@)to disconnect all the electricity to the entry boxes when
performing this upgrade. Be sure to plan ahead and have all parts and tools on hand so that you will not
be without electricity for too long while doing this work.

An interesting line of load centers that appears to be available only in Mexico is the QOX series. These
are not suitable for exposed outside use but they are an excellent choice for indoor applications where a
small to moderate number of circuits is reqedl. The models available are listed below.

Table4-5 QOX Series Load Centers

Model Total Current No of breaker spaces
QOX204 60 A 2+4=6

QOX206 100 A 2+6 =8

QOX208 100 A 2+8 =10

The number of spaces is shown above as 2 main spaces + 4, 6 or 8 additional spaces. The main space can
be used for a main breaker by connecting it to the line input wires while the additional spaces are
connected internally to the output of the main breaké&nfortunately the QOX series panels do not

permit the use of a PK2MB locking device for the main (back fed) brdfkenain breaker is not used,

as would normally be the case with a subpanel, then the input wires are connected to the thgs

pand, and all spaces are available for branch circuits. Of course, the number of branch circuits could be
increased by using tandem breakers, but at some point the wiring would get pretty tight.

These panels can lsither surface mounted or recessed, atltey have an attractive plastic cover/door.
SeeFigure4-23.

A minordisadvantage is that they only provide space for 2 double pole breakers (the main pair of spaces
and one additional pair). A big advantage is that they include separate (isolated) bus bars for neutral and
earth grounds.
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Figure4-23Q0X204 Load Center

In Casa Erresreplaced the original knife switch and several individual circuit breaker boxies pool
area with a QOX204&eeSection 91 also converted the original house and appliance circuit breaker
subpanelsnto junction boxes and added a QOX208 and a QOX20&edtien 10In CasaColibi, |
replaced a number of old subpanels with these. See Section 12.

4.11 Using LED Bulbs

The variety of LED light bulbs has exploded in the past few years at the same time that their cost has
dropped. It is now possible to get nearly any style lightbulb in an LED at a cost that is about 2 to 3 times
that of a conventional incandescent lightbulBUTan LED bulb has a lifetime that is about 10 times

longer than an incandescergo switching to LEDis costeffectivebased solely on the lifetime

replacement cost. In addition, an LED consuatasut one tenththe electricity of a comparable
incandescent light, so you may save considerable pesos on your electric bill. Note however that
switching to LEDs will NOT reduce your total power consumption by a factor of 10, because-the non
lighting loads in your house (kitchen appliances, etc.) are typi6alto 75% of the total. This means

that your total usage wilbnly drop 20 to 35%f you change all the lighting from incandescent to LED.

Another reason for switching to LEDs is to give your house a new look. This is especially true in an older
house where over the years a hodgedge of lightulbshasbeen used. Frequently these are not the

best shape, wattage or color for the fixtures in which they are used. Doing some careful planning and
shopping will let you change all these out and improve the look of all lighting sources.

Selecting an LED can get confusing because of the huge variety of choices in light output, light color,
bulb, base, and emitter shape. For residential use, the selection can be narrowed dreatyer.

Assuming you are replacing the bulbs in an existing fixture, first determine the type of base used. Itis
most likely one of 4 sizes: §E12, GU5.3 or GU10. The screw in bulbs are eitliniedium base) or

E12 (small base, sometimes called candelabra base). The GU5.3 and GU10 bases are used on the small
conical shaped spotlights. GU5.3 has two pins that plug in directly and GU10 has two wider spaced pins
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reserved for 120 V bulbs. This is NOT the case in Mexico; both bases are used for 120 V light bulbs.

The bulbshapedza SR 2y (GKS O2y A Ol t &Ll ( shagdisédionthd\sBrevih f ¢ @ a4 a
Edison (E26 or E12) bases may be the classical A style, the torpedo shaped B style or the bent tipped

candle CA style. There are also many other styles and Bigese4-24 shows the most common

combinations.
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Figure4-24 Common Residential Bulb Bases and Shapes

The number following the letter on the bulb shapes indicates the maximum diameter in eighths of an
inch. For example, a B11 bulb measured8.inches at the widest part.

The bulbs may be clear or frosted, and the diode emitter inside may be a decorative ribbon filament or a
central LED with a lens that projects the light upward and radially outward.

Light output is given in lumens. Most of us are not used to this measurement (yet) so LEDs are
frequently rated in terms of equivalent incandescent wattage for light outpigure4-25shows the
correspondence. There isspread of lumensf about 20% due to differences in efficiency.

48



1800
1600
1400
1200
1000

800

Lumens

600
400
200

25 40 60 75 100
Watts

Figure4-25Light Output in Lumens vs Equivalent Incandescent Power in Watts for LED Lights

It is unusual to find an incandescent light bulb in a Mexican residence larger than 60 watts. That may be
due to a natural aversion to paying for electricity and partly to the design of the fixtures which are
mostly rated for 60 watts maximum. In additidtED lightbulbs much larger than 60 watts (equivalent
incandescent output) are still much more expensive than the smaller ratings. So for the range less than
60 watts you should remember that an LED output in lumens is roughly equivalent to an incandescent
bulb ofone tenththat wattage. For example, a 450 lumen LED produces about the same amount of light
as a 9 watt incandescent.
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about 2700 degrees K. LEDs are available with this color as well as a siiieth8000 degeesK. You
can also get very warm light (2200 to 2400 aezsK) as well as daylight white (5000 to 6500 tesK).

Finally, LED bulbs are either dimmable or+gimmable. The bulbs that are not dimmable are less
expensive, but the difference in price is getting smaller and many dealers now only offer dimmable LEDs.

With all of these choices, how does one decide which LED(s) ®ltydecision is baseamh aesthetics
cost, availabilityand physical constraints. Here are the bulbs | selected.

For general overhead lighting in enclosed fixtures where most or all of the bulb is not visible, or for table
lights with large (10 to 16 inch diameter) lamp shades, | used E26/A19/800 lumen/2700 deg K frosted
non-dimmable or E26/A19/440 lumen/2700 degrkidted dimmable bulbs.

For overhead lighting in low profile fixtures where the A19 bulb would not fit, and for wall sconces that
have small (5 inch diameter) shades, | used E26/B11/330 lumen/2700 deg K clear dimmable ribbon
filament bulbs. The ribbon filament provides much bettadial coverage in the torpedo (B) shaped

bulb.

For wall sconces that did not have shades, | used E26/CA11/300 lumen/2200 deg K clear dimmable
ribbon filament bulbs. Especially when dimmed down, the 2200 deg filaments are very attractive.
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For hanging chandeliers without shades that had the small base, | used E12/CA11/300 lumen/2200 deg
K clear dimmable ribbon filament bulbs.

For overhead kitchen lighting, | used GU10/MR16/500 lumen/3000 deg dimonable bulbs.

For overhead closet lighting, | used GU10/MR16/500 lumen/6500 deg-dinonable bulbs. The
outdoor lighting color makes selecting clothes easier.

For accent lighting inside the kitchen cabinets, | used GU5.3/MR16/220 lumen/3000 deg K non
dimmable bulbs.

Note that this is a total of only 7 different bulb types. The best bargains are for packs of 6 or 10 bulbs. |
found everything | needed at either Home Depot or Costco. Be sure to check the Cotiteo 08
warehouse as well as the local Mexican storegolf need something special, check
http://www.Bulbs.com

4.12 Lowering Your Electric Bill with Multiple Meters

You have probably noticed that some neighbors have multiple electric meters. Jost stneet, about

half the homes have two meters and one house actually has five! The Federal Electric Commission (CFE)
offers much lower rates for low usage subscrib@tserefore ifyou have a house that can claim to have
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have more than one electric meter. The difference bamuite substantial, so this possibilityvgorth

looking into.

CFE residential billing uses two rate structufiearifa2 consists of a fixed charge and a single

proportional rate. The fixed charge and the rate change with time, but for simplicity | have used the
November 2016 valuds the following comparisond arifal is a different structure that does not have

a fixed charge but uses three increasingly higher rates as the consumption increases. If the average
consumption over a 12 month period exceeds 250 kWh per month uiadiéa 1, a new rate called DAC
(De Alto Gonsumaq is triggered. This rate consists of a fixed charge and a much higher proportional rate.

To make comparison of the rates easier, we can assume that all monthly consumption is the same. Then
the DAC rate becomes just another segment oftdréa 1 rate structure.
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Figure4-26 Monthly cost of electricity for low usage
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Figure4-27 Monthly cost of electricity for higher usage

Figured4-26 andFigure4-27 above show the difference in cost for the two rate structures. These charts
are for a single meter and include the 16% IVA and 10% DAP taxes.

Note thattarifa 2 provides a lower cost thamrifa 1 except when the consumption is less than 250 kwh

per month. That is a relatively low threshold which corresponds to an average load of about 350 watts
running continuously. A small San Miguel home with a refrigerator and lights that are not left on when
not needed should meet this. A larger home would typically run 2 to 3 times this much. This is why many
homes use multiple meters. By keeping each meter below 250 kWh per month, the DAC threshold is
avoided and the much lowegarifa 1 rate shown inFigure4-26 applies.
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It is interesting to see how sensitive these calculations are to the balancing of the load between the two
meters since the only way to guarantee an even balance would be to connect the two meters in parallel
(CFE might to object to this). The graplrigure4-28 shows the total bill for three levels of

consumption as a function of the load balance. The dip in the center of each of the three curves
corresponds to thearifa 1 rate while the higher values are where the DAC applies.
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Figure4-28 Total Cost for Two Meters vs Load Balance

The orange curve shows that for a total energy usage of 375 KWh, the balance needs to be between
about 33% and 66% to avoid the DAC. For higher usage, say 490 KWH, the balance needs to be much
closer to 50% while for a lower usage like 260 KWH the rangadh wider.

If you are living in an area served wittpBase power, your meter may be marked either 2F3H or 3F4H,
where F meagfase(phase) and lik hilo (conductors). If you are in an area served kghase powera
2F3Hmeterwill be used. These may be either analog or digital. In any case, if you decide you want to
replace you existing meter withwo meters youwill want to request two 6the 1F2H meters. This will
involve changing meter sockets as well as requesting CFE for the new meters.

A simplified schematic of how a 2 or 3 phase meter is wired is shoRigume4-29. Figure4-30 shows

how a two meter system should be connected to the maiitry panel. The black, red and white
rectangles represent the two line side buses and the neutral bus insidmdie entrypanel. The
conductors shown should be AWGS6 if the main breaker is 70 amps, and should be AWGS if the main
breaker is 50 amps. | recommend using AWG6 and a 70 amp b{€xR2r0)
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Figure4-29 2 Phase Meter (left) and 3 Phase Meter (right) Connections to Main Circuit Breaker Panel
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Figure4-30 Two Single Phase Meters Connected to Main Circuit Breaker Panel

Installing a second meter is definitely a job for an experienced electrician because it involves dealing
with the live wiring on the CFE side of the meter(s).

As discussed above, it only makes sense to have two meters if your total average usage is less than 500
KWh per month. But to realize the full savings, the loads on the two meters must be evenly balanced.
Once the meters are installed, justite down their readings over a period of say 1 week and see if the
usage is about equal. If it is not, you will need to swap one or more branch circuits between phases. This
is easy to do but requires some work to figure out which ones to swap.

In my case, | had already switched over to LED bulbs, so the main loads to coesaliiose due to
appliances, pumps, etc. | used the current meter and plug in energy meters (see Settiomake an
inventory of all the nodighting loads in the house. When measuring energy usage for appliances like
your refrigerator, microwave, etc. be sure to do so over a period of severahgaymum.Table 46

shows the noHdighting loads | measured.

53



Table4-6 Measured Non Lighting Energy Use

Load KWh/month
Large refrigerator 60.8
Small refrigerator 24.8
Bar refrigerator 13.6
Water pressure pump 44.7
UV water purifier 22.1
Fountain pump- Note 1 15.1
Ceiling far+ Note 2 20.7
Washing machine 3.4
Dryer 3.2
Dishwasher 10.9
Toaster 1.0
Microwave 4.5
Coffee Maker 7.2
Computer- Note 3 28.6
TV 9.2
Iron 15.3
Stereo 7.2
Total 292.2

Note 1¢ Timer set for 3 hours per day.
Note 2¢ Low speed 24 hours per day.
Note 3¢ Power mode set for display off after 10 minutes, sleep mode after 30 minutes.

Now group and add these loads together for each of the circuit breakers and associate each of the
breakers with its corresponding phase (metehpwn below in red or black

Table4-7 Non Lighting Loads Casa Colibky Circuit Breaker

Garage Subpanel QOX204 KWH/mo.
M1 AC 0
M2 AC 0
1 Garage, Utility room light, Front courtyard 15
2 Utility room pump & purifier 67
3 Kitchen 18
4 Kitchen 65

Storage Room Subpanel
M1 Dryer outlet 0
M2 Dryer outlet 0
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1 Stairs & Nicho lights, Arch lights in living room 0
Laundry, Lower Storage, Bedroom 2, Bath 2 6

3 Living Room N. Outlet, Upstairs Powder Room, Upstairs Office, 25
Bedroom 1 exc N Wall, Bedroom 1 Bath & Closet

4 Laundry N Wall outlets, Lower Storage N Wall outlets

5 Fountain (back yard), Lower patio outlets 30

6 TV Room, Downstairs Office outlets, Lower Patio Lights, BR3 N wall outlet 25

Wine Cellar Subpanel

M1 Brewery 0
M2 Bar, Wine Cellar, Refrigerator 25
1 Breakfast, Pantry, Upper Patio, Dining Room, Entry, Living room S Wall 0
2 Bedroom 3, Bath 3 0
3 Downstairs Powder Room, Alcove, Downstairs Office Lights 0
4 -

Total RED 137

Total BLK 139

The above table shows the loads after balancing.ifitti@al imbalance was 50 KWh per month, and M1

and M2 in the Wine Cellar Subpanel were reversed from that shown above. So all that was required was
to interchange these two breakers, attte loads were evenlgalanced between the red and black

phases.
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5 Tools and Test Equipment

Depending what you plan to do, you may need some or all of the following.

Figure5-1 Common Electrical Tools

Note that the wire cutters, wiratrippers ancpliershave insulated handles. The knife (used for cutting
tape and stripping large gge wires) doey 2 1 > a2 R2y Qi dzaS AlG 2y | € A0S C
indispensable for getting switches and wall plates level.

Figure5-2 Voltage Probes

The upper probe does not have a sensitivity adjustment; the lower one does. You can find the better
probe on Amazon diBay. Look for Mastech MS5902. It is much easier to use. When using these probes,
be sure to test them against a known line side conductor frequently as the sensitivity can change due to
the batteries losing charge. If either thlem gives results that are not repeatablehange the batteries.
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Figure5-3 Colored Electrical Tape

Use these to color code conductors if your house is not wired to code. The best source of these is
McMaster Carr. They sell the Scotch type 33 which is recommended over the cheaper varieties. When
marking names, use a fine tip felt pen on the yellow tapobke removing it from the roll.
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Figure5-4 Simple Circuit Outlet Polarity Tester

This tester will work only in three prong outlets that are wired with the earth grqunagerly

connected.The tester shows the most common faults, but be aware that the indications may be
mideading.Table5-1 below shows a more extensive list of faults and how they are displayed on this
tester. Note that this type of tester does not detect any sort of neutral ground reversal. This can only be
done by checking the currents through these two conductors at the breaker pghkkre should be

very little current through the earth ground).
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Table5-1 Outlet Tester Indications

L to
Wiring Diagram N to G N LtoG Comments
Line
LNG 120v Correct wiring.
Neutral I
Ground |
Line
Neutral and ground reversed. Check for
LGN 120_\/ non-zero current through ground at panel
Neutral with load connected.
Line
NLG 120v Line and neutral reversed.
Neutral
Ground
Line Line and neutral reversed, then neutral an
GLN 120V ground reversed. Check for naero
Neutral I current through ground at panel with load
| connected.
Ground
Line
GNL 120v Line and ground reversed.
Neutral I
Ground [ |
Line Line and ground reversed, then neutral arf
NGL 120V ground reversed. Check for naero
Neutral current through ground at panel with load
connected.
Ground
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Wiring

Diagram

Nto G

Lto

LtoG

Comments

oL

Line

120V

Neutral I

Ground |

Open line.

ON

Line

120V

Neutral

<

Ground

Open neutral.

0G

Line

120V

Neutral

Ground

all

Open ground.

LN Short

120V

Line —

Neutral

a9
g/

Ground |

CB Opens.

LG Short

Line —

120V

N

Neutral ( I E)
Ground

CB Opens.

NG Short

120V

Line —

Neutral

Ground

©

Check for norzero currentthrough ground

at panel with load connected.

59




Lto

Wiring Diagram N to G N LtoG Comments
Line — Looks like lingéo neutral reversal, but is
LG Short S
with 120V not. Circuit breaker should blow but groun
resistance prevertthis. Measure
ground Neutral a : |
. 1 resistance between neutral and ground at
resistance X .
outlet to detect ground resistance. This is
Ground very dangerous condition that propagates
NN to all outlets in the same circuit.

The last case shown occurred when | was installing GFCI outlets in the kitcDelibof The outlet
0§SaGSR y2NXIf dzydAat L O2yySOGSR (GKS gANBa G2
WSOSNESRE AYRAOI A 2ngther dovinstreamdutkét Bause 2 lifig/tSr@uiraly 3 |
reversal? The reason is the downstream outlet had a line to ground short (due to a sheet metal screw
puncturing the line inside a conduit) and the upstream ground connected to the neutral through a
resistance of bout 10Kohms. This resistance is low enough to supply the current to illuminate the

amber light but is not enough to trip the circuit breaker.

[N
Py
w»

w

Figure5-5 VoltageQurrentOhmMeter

There are many modetsf voltagecurrentohm metersavailablein arange of prices. | found the

Mastech unitscosteffective andvery easy to use with two exceptions. The model shown above is their
32-800 which features a low current range that is helpful for checking current balance in GFCI circuits. It
is available on Amazon for abdu&135. The two problems are that when you first turn it on to

measure a voltage, it comes up in a DC mode. You need to remember to push the FUNC button to get it
to measure AC. The second problem, which a number of users have complaingdaatal which | can

confirm, is that the connectorthat the test leads plug into aneot very well soldered to the internal
OANDdA G 62F NR® 2KSy LI dA3IAy3I Ay (G Kishdenthdrdidas 66
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will break the solder connection. If this happens, it is not very difficult to repair, but you will have to
open the unit and resolder them.

Figure5-6 Wire puller and Lubricant

If you need to pull additional wires through a conduit, you will need these. When using the puller, push
the end with the stranded steel wire through fir&trip one of the conductors you will be pulling

through and loop it through the hole in the ferrule at the end of the steel wisgpeall the conductors

you will be pulling tgether aroundhe stranded steel using enougpe toensurea goodbond but not

so much as to increase the diameter. Then pull it through. The lubricant helps a lot. So dogsamavi
assistant to feed the wire through one end while you pull on the other.

Figure5-7 Cutter with Diamond Blade

Not really an electrical tool, but if you need to install a new piece of flex tubing in the wall you will need
to buy or rent one of these. Cut out two parallel channels then chop out the cement between them with
a masonry chisel. Be prepared for a LOGust.
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Figure5-8 Circuit Tracer

These are expensive and probably not needed unless you are doing a lot of circuit tracing. There is an
inexpensive version available calledanere that works with low voltage wiring, but you will need one

of the aboveto locate a wire that is buried an inch or so inside a wall or under the floor. The one shown
was bought used o&Bayfor aboutUS250. New ones cost upwards@g1000. You can use these for
low voltage wiring also.

Figure5-9 AWG10 to 12 Crimp and Crimper

If rewiring a box results in too short a conductor to reliably use a wire nut, the crimps are a great way to
extend the wire. The crimp shown is one of the uninsulated ones and must be wrapped withftaipe
crimping This ighe M10BCX sold biyttp://www.Platt.com. The crimper is part number J1005. They

also sell an insulated crimp, BSV10@s actually cheaper than the nensulatedcrimp shown
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Figure5-10AWG 19 to 26 Splice and Crimp Tool

Use for splicing 2 or 3 low voltage conductd@s. not strip the insulation from the wires; the crimp
penetrates the insulationThe splices are 3M UR and the tool islBTF008; both are available from
http://www.Discountlow-voltage.comDo not use these for UTP CATS5 Ethernet cables. If a splice is
necessary use RJ45 Keystone jacks and a short patch cable.

Figure5-11 Keystone Jack and Crimp Tool

The jack shown is BNO605KWHT and is for a CAT5 Ethernet connection. The tool-KMIKTOOL and
it works with both the CAT5 (RJ45) connector shown and CAT3 used for telephone connectors (RJ11). All
are available fronittp://www.Discountlow-voltage.com
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Figure5-12RG6 Coax Connector and Crimp Tool

Use these to connect TV cable to a coaxial keystone jack. The connector showg-&51Bnd the tool
is ETCR313. All are available from Discodotv-voltage.

Figure5-13Plug In Power/Energy Meter

These argyreatfor measuring the power consumption of intermittent devices like PCs, refrigerators,
etc. To get a good averaging reading, you need to leave them connected for about one week, so it
makes sense to buyore than one Amazorand EBaycarry many of these which all appear to be about
the same device sold under different names. The LCD is very difficult to read, and the instructions are
written in terrible English, but the price is rigtaboutUS$15),and the unit appearto be accurate.
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6 Low Voltage Wiring

Not many years ago,welRSa A 3y SR K2YSa Ay GKS ! { adGqFINIGSR G2 oS
a wiring closet with patch panels was connected using category 5 cables (Ethernet), RG6 coax (TV) and
category 3 (telephone) cables to ports throughoue thouse. In Mexico, | have not seen any structured

wiring, but separate conduits are generally used to distribute these same signals. Where these exist and

are in good or repairable condition, they should definitely be used. However, wireless connegations f

Ethernet and telephone signals can be a good alternative. There are even wireless systems available for
intercom, doorbell and audio (music) distribution.

As discussed in the next section, wireless communication in Mexico is limited by the solid brick and
concrete construction used. But with careful placement of wireless Access Points, even a large house
can be covered.

6.1 Range of Wireless Devices

Devices are available to send voice, data and even TV via low power wireless instead of by wired
connections. Most of these operate in the 433 MHz, 900 MHz, 2.4 GHz or 5 GHz unlicensed bands but
they are restricted to relatively low powensf 1 watt (+30 dBm)Because of the way Mexican homes are
constructedusing brick, cement and steel reinforcjmgireless communication is greatly reduced

compared to a typicdlSconstructed houséuilt using wood studs and sheetrack

Without getting too technical, the range of a wireless device depends on frequency, transmitted power,

receiver sensitivity, antenna gains, and losses due to reflections and absorptions of walls, etc. between

0KS GNI yaYAGGSNI I yRFEINE OS2 BENIPA 8 KA XY WG Ol KE SRERAD G |
RAAGFYOS I'yR AYOUSNBSyAy3a o6ft201F3Sad LG A& dzadz tfte
the overall path loss be calculated by simply adding (rather than multiplying) the ingliyidth loss

contributors.

In a typical situation such as showrFigure6-1, the path loss out of doors (blue line) increases 6 dB
every time the distance is doubled.loss of 6 dBimply means the signaitensityis halvedbut the

signal power level is reduced by a factor oBippose we takeWi-Firouter out of doors and measure
the maximum range at which we get a stable, reliable signal. At 2.4 GHz, this would be somewhere
around 100 feet, but you might measure more than that depending on the device you are testing. This is
shown by the interseatin of the blue line with the vertical line corresponding to 100 feet in the figure.
The loss can be read off as 91 dBw suppose we add a wall between the transmitter and receiver that
consists of two pieces of ¥ inch thick dryvealleither side of 2x4 or 2x6 wood studhis adds about 1

dB of loss and is plotted with the red line. We can read off the range correspatading same path

loss. It is about 90 feet, so our range has been reduced by 10 feet. If there are two intervensmtheall
range is reduced to 81 feet. And if instead of a wall, we had a floor consisting of a piece of % inch
plywood on top plus a ¥ch drywall on the bottom of the joists, the range would be reduced to about
78 feet.

But this is typical US residential construction. In Mexico, the walls are normally 7 inch thick brick and
stucco, and the floors are poured reinforced concrete thiaat least 8 inches thick. A typical wall then
adds about 10 dB path loss and a floor at least 40 dB path loss at 2.4 GHz. To see what this does to our
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range, consideFigure6-2d ¢ KS o0f dzS tAyS YIN]J SR a2dziR22NRAREé Aa
reduce the range from 100 feet to about 32 feet, and two walls will reduce it to about 10 feet. A floor
reduces the range to about 1 foot meaning we have no useful range at allthoough a floor.

Fortunately, we can expect some help from openings like doors and windows or stairwells and open
lofts. But the fact remains that the expected range of a wireless device will be severely reduced.

As an example, at Casa Erres, the Telmex router has a range of about 50 feet passing through two walls
with open doors on the same floor. It has a range of about 25 feet passing through a floor with a large
openloft area This is not adequate to cover the inside of the house, let alone the back patios. The AT&T
cordless telephone has a slightly better range, but agagnot adequate for the entire house. The

wireless doorbell, which has a much narrower bandwidth and hence a much higher sensitivity, has
range of about 75 feet going through one outside wall, and nearly 200 feet going to the pool area

behind the house. Actually the pool area is almost a line of sight to the doorbell transmitter. (RF signals
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Figure6-1 Path Loss with US Building Obstructions
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Figure6-2 Path Loss with Mexican Building Obstructions

6.2

Internet

Your Internet Service Provider (ISP) may be Telmex, local cable TV provider, etc. The ISP will provide
their modemto connect your house to the internet. You are responsible for installing and maintaining

additional equipment to extend that one connection to other areas throughout your house. An
understanding of some basic terms may prove helpful:

T
T

WAN: Wide Area Network. A term generally considered teyosmnymouss A 1 K & ¢ K S
LAN: Local Area Network. The cables and hardware inside your house used to connect to the

internet.

Modem: MOdulatorDEModulator is the network hardware device that connects your LAN to

the internet.

Ly G SN

Interface: The point at which your Local Area Network inside the house connects to the internet
outside the house.
Gateway: The point at which the devices on your Local Area Network inside the house connect
to each other. Gateway and Interface are often used interchangeably because for most home

networks they are both in the modem provided by the ISP.
Router: The networking hardware that allows one internet connection to be shared between

multiple devices (computers, phones, TVs, etc.) by routing traffic to the devices connected to

your LAN.

Switch: Also known as network switch or Ethernet switch is the hardware to which wired devices

on your LAN are plugged into.
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1 Wireless Access Point: Also known as AP is a radio transmitter/receiver that allows wireless
devices to connect to a switch. A Wireless Access Point is usually integrated with a router.

1 Wireless Repeater: Also called wireless range extender, takes an existifigighal from
another Access Point and rebroadcasts its signal to reach where the signal from the first AP is
too weak.

A frequent area of confusion is that hardware components such as modem, router, gateway, switch, and
Wi-Fi radio transmitters are often combined in one devitgpically the hardware provided by your ISP,

the cable company or telephone company, is one unit that integrates a modem, gateway, router, switch
and wireless access point all together in one compact piece of hardware. This equipment is usually the
only modem, gateway, and router you have on your LAN. It is also typical thiéwesshelf hardware

such asarouter/switch/AP is configured in bridge mode so that its router functions are turned off. This
KFENRgFNB YIe adAaftt 0SS hedgFteaNdEnRs béed configuretl to turNBffdil S NE
router function and use only its switch and AP.

As discussed in the preceding section, the range of the wireless signals will be severely restricted due to
attenuation in the walls and floors in a typical Mexican houseorder to provide usable \ARi to those

areas of your home where you need it, there are three options to consider. These are, in order of
preference, Cat5 Ethernet Unshielded Twisted Pair (UTP) cabling, EtRemetline communication
(PLC)and wireless repeaters.

In new construction or remodeling the best solution for reliable internet connectivity is to install cable
raceways for Category 5 UTP cabling to all of the locations where internet connectivity is dEsasel.
cables must be installed in a star topology. Wireless Access Points may then be installed where needed.

A seconebest solution where installing new cables is impractical is to use EthBoweerline

communication (PLCThis technology uses existing electrical wiring to transmit internet connectivity
from your router to a remote location in your hom@LC is slower than Cat5 cabling but does not

require installing any new wires. If your house has more than one electric meter it may be necessary to
rearrange some wiring to put your PLC devices on the same metet. hardware is susceptible to

damage from electrical surges and is limited as to the number of units that may be installed in one
house.

The simplest, slowest, addast reliablesolution to extending the range of wireless internet is to use a
wireless repeaterMany models are available, and under the right circumstances they can be relatively
easy to set up. Wireless repeaters are not certified by thé-\Williance and this has led to some
incompatibilities between different manufacturers. It is best to pureéhAscess Points and repeaters of
the same brand where possible to improve your chances of a successful installation. Though not
recommended, multiple repeaters can be connected to the modem/router or they can be-czagyed

to provide even greater rangén Casa Erres, | used one repeater thatvidedcoverageof the entire

house as shown iRigure6-3.
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— = Wireless Repeater
DSL Moderh 2" Floor Center
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A Desktop PC
Webcam

Figure6-3 Internet Network at Casa Erres

Note that the desktop PC and web cam are wired toTeémex hardwareising CAT5 Ethernet cable.

The repeater is at the opposite end of the second floor from the router and does a fair job of covering
the first floor and some of the back yard. But this is only because we have a large loft opening between
first and second flors.

The repeater itself (an AMP SR10000) is good but not 100% reliable. Occasionally, it loses the internet
connection from the router and must l@ower cycled For reliability (but not convenience) there is no
substitute for a CAT5 cable. Bdesktop PCs and other devices can be hardwired to the rotitey

should be.

In Casa&Colibri the Telmex Infinitum modem/repeater is located in an upstairs office at the north end of

the house Downstairs there is a second desktop PC and a smart TV that are connected using CAT5

cabling. This did naxistoriginally, but fortunatelythere was a conduit that contained only a telephone

line cable between upstairs and downstairs, so it was relatively easy to pull a CAT5 cable through it. The

floor tile was being replaced and this allowed me to have additional conduit installed to cioionthe

downstairsTV and PC. The downstairs router shawRigure6-4 is configured as a repeater. (Almost

any router can be used forthis¥  O2 NNB Ol f &8 O2y ¥ RetadgiRg tHeyouter 3 AR RIS Y 2
fairly simple operation and there are good instructions available for doing this. See, for example,
http://www.howtogeek.com/104469/howto-extendyour-wi-fi-network-with-simple-accesgpoints/ or
http://www.labnol.org/software/add-router-to-wirelessnetwork/19716/for step by step directions.

The downstairs router/repeater providessacondwireless access poirBetween the two, the entire
house is covered fairly well.

Adding additional Access Points and/or repeaters will result in having multiple names (SSIDs) such as
bhFFAOSZIh bYAUOKSYhI b. SRAN®AEc¥sHGnotardligbiPswicAtwthe Y SGO0d
strongest signal if you move to another room, instetiety tend to stay connected to the first router.

69


http://www.howtogeek.com/104469/how-to-extend-your-wi-fi-network-with-simple-access-points/
http://www.labnol.org/software/add-router-to-wireless-network/19716/

Maintaining a connection to your cell phone as you move around your house requires more advanced
LAN hardware that manages handoffs between access points. A unified network experience that uses
one SSID and one password for all of your APs and doesquitegrou to manually disconnect and
reconnect to different WiFi names requires careful planning and hardware specifically designed for
unified networks.

A final comment about C&i UTP cable is that it is delicate and needs to be installed with great care. An
installer who pulls too hard on the cable while installing it can damage the cable internally in such a way
that its continuity will test okay whilthe cable has actually lost integrity and its ability to transmit data

at the highest possible speeds. Equipment sudhaad EK Il & FiberTEK 11l Cable Certiietd be

needed to determine whether or not damage to the cable exists. Because the Isigbf ¢esting for

defects far exceeds the cost of rewiring it is extremely important @ait5 cablingoe installedn

sufficiently large conduits and boxes that cables that are suspected of being damaged can be easily
replaced.

2.4 GHz 2™ Floor,
North End

Telmex
——CAB——
= - \— -
DSL Moderh _
Router
24&5GHz
1% Floor,
Center
Smart TV

AB |

Router as
Repeater

Figure6-4 Internet Network at Cas@olibri
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6.3 Telephone

Youmaywant to have al'elmex landine phone in Mexico as well as a cellular phohelmex landhes

are sometimes hard to get, so if your new house has one installed, be sure to arrange to have it
transferred to your name. Also, telephone (or electricity) receipts act as a kind of proof of residence in
Mexico. Be sure the name on your account(g€xiactly the same as the name on your passport.

Having multiple phone outlets is nice, but these days the convenience of having a cordless phone system
outweighs the bother of having to deal with tangled cords that keep you anchored to a jack. In the case
of Casa Erres, the phone lines were run throaoghduits throughout the house, but they were in

terrible condition. The line noise was so bad that conversations were unintelligible, and of course with
this type of line condition, DSL for internet service was hopeless. We disconnected all the exissiag ho
phone wiring and ran a new line down the side of the house to the spare ups&irsomthat we used

as an office where we installed a cordless telephone base statiortff@fdSL modem). The phone

system we used (an AT&T model CL83464 with 5 handsetskddtierentire house; almost. There

were a few places where the remote phonemng, but youhad tomove toward the center of the house

to conduct a conversation. éid not work outdoors on the patios. The only reasowdrkedas well as it
didisbecause in addition to the stairwell theveasa large loft opening in the center of the house

between the first and second stories thatowedthe signal (1.9 GHz) to pass between floors.Hgare

6-5.

Upstairs East Upstairs Center Upstairs West

Downstairs Center Downstairs West

Figure6-5 Erres Telephone System

In our second house, Ca€alibri the house itselfvas a bit larger, and theravas only the stairwell
between the first and second floors. So the cordless praystemwasonly functional on one story.
Several options were considered. Since the internal house wiring for the phones was functional, we
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could install wired type handsets on the lower floor and use a wireless system on the upper floor. But a
better solutionwasto install a cordless base station upstairs and a wireless repeater on the lower floor.
It wasimportant when doinghis to be sure both base station and repeategre relatively close to the
stairwell so theycouldcommunicate reliably.

In North Americathe latest cordless phones are what are called DECT 6.0. That means they are digital,
encrypted and work in the 1.9 GHz band. They all meet a common standard, but that does not mean
they are compatible. In fact some handsets from the same manufactoag not be compatible with

base stations from the sanmmpany sobe careful when selecting the components you need.

Both AT&T and Panasonic make cordless phone systems that can have one or more repeaters

(extenders) added to them. But the extenders only work with certain models. With AR&T

SEGSYRSNE NBIdZANS || aavYltf odzaAySaaé LK2yS aeadsSy
into your house, that would be the way to go. But the system is expensive and more geared to a

business that requires coverage over a fair sgtede, for example. Panasonic makes a single line

cordless system that has onlyhandsets, but can be expanded up to 6 and more importantly, it is

compatible with their repeater. Up to 2 repeaters can be used to extend the range of the base station in

two directions.

If you install a unified Wi network as described earlier, most of these Isfbtems can also support
telephones, although thesghonesare expesive and proprietary.

Many people today rely exclusively on cell phones to the exclusion of having a conventional landline

phone. Due to the thickoncretewall problem described earlier, it is ofterecessaryo rely on the

G2-RiCaling FTSIFGdzNBE 2F @2dzNJ LIK2yS ¢KSy (KSIfyoullusef LIK2Y S
G2-@A / I hisfnakg¢sIamosiessential to have a unified Vi system as described earlier.

Models change all the time, but as of this writing, the system tastribings:

Table6-1 Panasonic Telephone Components

Model Number (Panasonic) Name Approx. Cost (Amazon)
KXTG6592T Base station with 2 handsets @ $70
KXTGAB59T Additional handset $45
KXTGA405B Range Extender $25

TheColibriphone system is shown Figure6-6.
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Figure6-6 ColibriPhone System

6.4 Doorbell/intercom

If the doorbell system is intact and working, it should be kept or upgraded. If not, many great wireless
systems now exist. In Casa Erres, the low voltage wiring was in bad shape running through the same
conduits as the house primary wiring, the bells &udzers could not be heard, and it was decided to

replace it all with a simple wireless system. Initially, this wiattery-operated single

transmitter/receiver pair bought from Home Depot. But the range was limited to about 30 feet because
of an intervaning wall, and the receiver could barely be heard from other rooms. It was replaced by a
multiple receiver system made by Sadotech called Starpoint. The receivers plug into normal wall outlets
and can be individually programmed for ring tones and voluries. can even use a different ring tone

that sounds from a second transmittérhe transmitter idattery-powered. Range is about 50 passing

Gl NBdzy Ré

through an exterior wall and floor, or about 260LJ- & & A y 3 2 dzll R2 2 N&

yard. Sed-igure6-7 .
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Figure6-7 Starpoint Doorbell System at Erres

In Cas&olibri there was a working wired system made by Btcihis a two wire intercom that had an

entry door unit and two remote handsets. These were not actually enough to cover the house, so a third
KFyRaSid ¢l a 02dAKG yR FRRSR (2 (GKS aeadsSyo 9 OK
transformerso these must be located near electrical outlets. Biggire6-8.

Bticino Bticino Bticino
331451 331451 331451
Bticino Upstairs Upstairs Downstairs
331460 South North Center
Front Gate
2 AWR4 2 AWR4Gq——— | 2AW@L———
| | = =
l (] 3. =3

Figure6-8 Bticino Doorkll Intercom atColibri

6.5 Television

In San Miguelhe best current way to get English language TV programming is via streaming. Both
Megacable and Telmex offer streaming via optical fibers throughout the city. Firestick adapters seem to
be the most popular and services are available which install pregnagied Firesticks which include

VPNs or other software that provide cable news channels as well as thousands of movie and series.

There is some controversy as to the legality of some of these services, but much of this may be
competition rather than ethically motivated. In making a selection, | would recommend doing a search
2y (KS a&/CviBsBMAL@orauis)dd sele Wwhatds available amdntact information.

Amazon Firesticks are set up to connect to WiFi for internet access but adapters are available to connect
via Cat5 wired Ethernet. Without exception, streaming video on a wired Ethernet connectionds mor
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reliable than WAiFi. Connecting a Firestick via WiFi is more susceptible to buffering problems caused by
lack of signal strength and/or interference from other WiFi signals and should be considered a last resort
connection method.

The same holds true for your SmartTV if you are using any of the apps installed in the TV. Streaming
devices such as AppleTV, Roku, and Firestick can all connectRigbdfiall will perform more reliably

when connected to Cat5 ethernet. You shouldplar the possibility you might need to have not just

one Cat5 Ethernet cable for your streaming devices but additional Cat5 Ethernet cables for each device.

Figure6-9 below shows the arrangement at Casa Colibri.
Telmex Modem

) Office 24 Ch 3
Office 5 Ch 52
HG624302 Opal Server

192.168.100.1 GL-SFT1200
192.168.100.199

192.168.100.31

ﬁ 2 Pushue 1102
irestick || RJ45 Splitt
TV Firestick plitter
Downstairs 2.4 Ch 1 (( ) VPN 24Ch5
Downstairs 5 Ch 36 VPN 5 Ch 44
Metgear AP )
Linksys AP
WAC104 WRT1200AC

192.165.100.3

192.168.100.52

Caption Phone

) Garage 2.4 Ch 11
Garage 5 Ch 52

Linksys AP
WRT1200AC
192.168.100.51

Figure6-9 ColibriTVConnection
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7 Faults and Hazards

In this section weonsider some possible fault conditions that can occur with your electrical wiring, the
possible hazard and ways to deal with thdviuch of this has been discussed previously, but it is useful
to summarize the faults in one pladdecause Mexican homes for the most part are built from-non
combustible materials, the consequence of these faults may be different than in a US home.

Line to Neutral or Line to Earth Conductor Short

The hazard here is that the conductors will overheat and start a fire. Risk of a large scale fire is unlikely
with no combustible materials, but the insulation on the wiring will melt or burn and the conductors

fuse open resulting in a costly repair. Tigishe reason we use circuit breakers. Properly sized, a circuit
breaker will trip before the downstream wires it is protecting become seriously overheat€hda

Erres Ifound numerousinstanceswvhere this protection was defeated.

9 Line and neutral or line and earth conductors were of different size (wire gauge).
1 Line and/or neutral changetbnductorsize betweerthe circuit breaker and load.
9 Circuit breaker was of a size much too high for the wiring it was protecting.

The circuit breakers on each branch circuit should be sized for the minimum gauge wire used on that
circuit, and this includes the neutral and earth ground conductors.

Intermittent Line to Neutral or Line to Earth Conductor Short

This hazard is most likely to occur in a lamp cord, extension cord or the like which is subject to bending
or wear by foot traffic or furniture movement. The short will occur as an arcing that will cause the wiring
insulation to melt and might result infae if it is close to something combustible (drapes, furniture,

etc.) Since the arc is intermittent, it might not trip a standard circuit breaker even if it is properly sized.
There are arc fault circuit breakers that detect intermittent currents as agetlual function breakers

that combine the functions of arc fault detection and ground fault breakeng. bespracticeisto
simplyreplaceanylamp cord orextension cord that shows signs of wear.

Intermittent Line or Neutral Open

This hazard is also most likely to occur in a lamp cord subject to wear and flexing. The intermittent open
can result in arcing that can cause a fire. Both the arc fault and dual function circuit breakers listed in

Table420Fy RSGSOG G(GKA&a GeLls 2F GaSNAS&aéd | NOAy3 | a
above.Replace any lamp cord that shows signs of wear or intermittent connection.

Line to Exposed Metal Short

The high side conductor can short against the metal box used to support a switch or outlet. If someone
touches the box (or the cover plate if it is also metal) a shock will result. This can be potentially fatal
especially in areas that are wet (bathroorteajndry or kitchen areas, etc.) This riskhe reason why a
separate earth ground is used to ground the exposed metal boxés tire case of an appliance, its

frame. It requires the use of a three pronged outlet and plug. If the earth ground is pyaperhected

back to the neutral at the entry panel, a line to metal frame short will cause a high current to flow
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through the circuit breaker and trip it. A GFCI type breakesutlet would also protect anyone who
touches the frame, because it trips at a very low current (6 ma). Thisvé Zline and neutral)
solution so if an earth ground is not present, it would be a good alternative.

This hazard used to be much more prevalent because small apgiarce frequently built using metal
cases. These days, most hand held appliances and electrical tools are double insulated with plastic
housings and do not have an earth ground connection.

Reversed Line and Neutral

This is unlikely to occur due to faulty house wiring especially if proper colored wires are used and
connections are tested using a voltage probe. But it is very likedgdur in locally built light fixtures.

The hazard is that of an electrical shock that might occur while changing the light bulb. The same hazard
exists on a Mexican wired thregay circuit even when the light is turned off. (See SecZ@n The

solution is to replace or rewire the fixture(s) andawvaysbe careful not to touch the base of the bulb

when changing itNever rely on the switch to turn power off to a light fixture in Mexico.

Open Line
This is not a hazard; only a fault condition that is immediately obvious because the circuit will not work.
Open Neutral

This is not a safety hazard but it can do a lot of damage. Depending on where the open neutral occurs,
the voltages appearing across the branch circuits can be anywhere between 0 and 240 VAC. The voltage
is typically very unstable as well since it depead$ow balanced the loads are between the two

phases entering the house.

The Brownout Protectors discussed3actiord.6 can be used to protect high value appliances. This
includes anything with a digital display including ovens, refrigerators, computers, TVs, washing
machines, etc.

Neutral to Earth Ground Short

This is not a safety hazard and may not be detected readily since the neutral and earth ground are
supposed to be connectadgetherat the entry panel to the house. Note that if the two are connected

in a branch circuit, a GFCI breaker cannot be used. In fact, if you install a GFCI breaker on a branch circuit
and it immediately trips, this would most likely be the reason.

Over and Under Voltages

These might occur due to an open neutral as discussed above or they might result from some failure in
the power distributed by CFE. As mentioned, a lot of expensive damage can result so the use of
Brownout ProtectorgSectiord.6) is a good investment.

Voltage Surges

These are momentary spikes of very high voltage that can result from lightning strikes or other failures

in the CFE distribution system. They are primarily a hazard to your pocketbook because they can do a lot
of expensive damage in a house full of electcally controlled appliances. The Brownout Protectors are
supposed to provide some protection against surges, but the best solution is to use a whole house surge
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protector at the entry panel. These devices resemble circuit breakers and plug into the service panel.
See Sectiod.5.

The table below summarizes these faults, the associated risks and amelioration.

Table7-1 Summary of Faults, Hazards and Ameliorations

Fault Hazard Amelioration
Line to Neutral or Earth Short Damage to Wiring, Fire Properly Sized Circuit Breaker
Circuit for Each Branch Circuit
Intermittent Line to Neutral or = Fire Arc Fault or Dual Function
Earth Short Circuit Circuit BreakerReplace suspec
lamp and extension cords.
Intermittent Line or Neutral Fire Arc Fault or Dual Function
Open Circuit Circuit BreakerReplace suspec
lamp and extension cords.
Line to Exposed Metal Short  Electrical Shock Earth Grounding or GFI Circuit
Circuit Breaker
Reversed Line and Neutral Electrical Shock Changing Ligt Replace or rewire fixture, and
Bulbs avoid touching bulb even when
itis off.
Open Line None NA
Open Neutral Damage to Appliances, Use Brownout Protectors on
Electronics, etc. Expensive Appliances
Neutral to Earth Ground Short  GFCI breaker will trip. Not a NA
Circuit hazard.
Over & Under Voltages from  Damage to Appliances, Use Brownout Protectors on
CFE Electronics, etc. Expensive Appliances
Voltage Surge from CFE Damage to Appliances, Use Surge Protector at Entry
Electronics, etc. Panel
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8 New Construction

What can be done to avoid all the problems discussed previously when building a new home in Mexico?
Well, first you will need to find an architect/builder who is willing to work with you and acaept
somewhat unusuglin Mexico)arrangement for specifying the electrical system. Most likely having a
cost plus type of contract will be besExplain that you want the house wired using standards similar to
those employed in the US and thegrtaincomponents (boxes, rings, switches, plates, etc.) will be
provided by youThe best way to get what you want iskiay it yourself or taspecify it. This can be

done by using the following specifications and drawings as a guide. Notmémgt ofthesereflect my

taste, but also were chosen for the reasons given throughout this bldglou want a different model
switch, etctell your architect and let him prepare new specifications. The important thing is to get this
all down in writing and to have him go through it with the electrician who will be doing the acitagw
This is not standard iMexico. Typically the electrician will work from a plan that shows the switch, light
and outlet locations, supply the materials of his choosing and iriktth in whatever manner he is
accustomed tausing (Andthusproduce a house that has many of the problems discussed in Section 2).

8.1 Meter(s) and Ground Bar

If your housds small(less than 2000 square feet) you will probably need only one meter. This can be a
single phase (1F2H) type if you know you will not need 240 volts such as refguisagian electric

oven but it is just as easy to get a two phase (2F3H) meter that will provide both 12B4&neblts. If

you think your usage might exceed 250 KWh per month, and certainly if the house is larger than 2000
square feet, | would get two separate single phase meters (1F2H). This will provide you bothl 120 a
240 volts and permit you to get the lower rate by balancing the loads between the two meters.

The meters will mount on a wall at the front of the house where they can be read from the dtiseet.
SquareD type MS1004 boxes for mounting the meters as these provide waterproof protection for the
wiring and conduit type entry hole$here needs to be a ground bar driven into the earth below the

meter and connected to the ground/neutral terminals on the mefimis connection should be made

with AWG#6 or larger wire. Similarly the connection to the CFE mains should use AWG#6 or larger wire.
AWGH#6 is gootbr 70 ampsOften thisgauge wireis only available in black, but Home Depot has it in

black, red, white and green which | would specify. You might as well get the color coding started
correcty right from the street. The cables should be contained in a conduit between 1 inch and 2 inches
diameter. This will depend on the length of the run. The usual flex PVC electrical conduit can be used if it
is buried in the wall or ground, but if it is exjok use the flex grey vinglaterprooftubing toand from

the meter box.

8.2 Entry Panel

There should be a way to disconnect the entire house using a single circuit breaker. This should be
located in an entry panel outside the housed close to the meter(s)n a small house, a single small
box with asingle ordouble pole main breakdQO70if you only have 120 volts or Q0270 if you need
both 120 and 240 voljswill work fine. If the house is larger, | would mount a panel with a capacity of 6
to 8 breakers (3 to 4 double pole breakerB)eleft sidebreakerconnects to the meter using AWG#

wire and is secured using a lock PK2Widsscrewsin below the main breaker and kegjt from being
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removed easily in the future since the wires connected to the breaker remairSiaeeSectiod. 10for
details on how to install this locking device.

The waterproof entry panelsan beSquare D model@0612L.100 and QO816L10he two are the

same overall size but the 8 @®8commodates 8 double wide breakers d@hd 612 only holds.6The

additional slots can be used for 50 amp breakers for each of the subpanels. These can be connected
using AWG#8 wired\ssuming you are wiring both phases, use Q0250 breakers. The entry panel might
also be a good location to connect the water pump for the cistern if you have one. Typically that will be
a single phase 30 gmtircuit wired with AWG#10 conductors. If there is still room in the entry panel,
you might congler installingsurge protectoiQO2175SBSee Sectioa.5.

8.3 Subpanel(s)

If your house has two floors, | suggest putting a subpanel on each floor and feeding each separately
from the entry panel using AWG#8 cable. A single panel will require running a number of branch circuits
through the floor, and this is typically done using ongéaconduit with many conductors to a junction

box. This makes it very difficult to keep each of the branch cirsaftarate which is necessary if you

decide to use a GF@1 AFlbreaker on one of them. It also makes for a very messy and overcbwde
junction box which is also somewhat ugly. In my opinion, junction boxes should only be used when you
have a very long or circuitowsn that requires one as a pull box. (There can only be two bends in any
conduit).

Be sure the subpanels are located where they are easily accesdibtal use the new QOX series, they

look pretty good so they do not need to be hidden inside closets where they are hard to w@knoa.

the subpanels are protected by separate 50 amp breakers at the entry panel, these breakers can be used
to switch off each subpanel. This means that all slots in the QOX panels are available for use as branch
circuits. For example QOX204 will supgbtranch circuits. The exact model should be selected once

the number of zones has been chosen. Home Depot in MexicosstbekQOX204, 206 and 208

subpanels.

8.4 Branch Circuit& Device Boxes

Divide the house into zones which will be supplied by separate branch circuits. These will be indicated
on the electrical plan discussed in Sect#ni There are lots of ways to do this, but the idea is to keep

the peak load in each branch below the circuit breaker rating for that bra®abh branch circuit should

be wired with AWG#12 wire fed from a 20 amp breaker QOIt28 helps with labeling the breaker

panel to have one or perhaps two roamat mostin a branch circuit. For the kitchen, you shoulavb at

least three branch circuits. This is because appliances like the microwave, toaster and coffee pot all run
about 15 amps and are often used at the same time.

LG Aa adl yRFNR LINF OGAOS (2 al @S YI ( Sontivderitner yR | 02
breaker box and the first outlet box on a branch circuit), then separate out the branches in theasutlet
junctionbox. | recommend against thiigr the reasons given in SectiorB&nd especially because

putting multiple branch circuits in the same box makes it very crowedong as some care is made in

laying out the branches, you can use 4x4 boxes for all the outlets, switches and even wall ligits in t

house. Be sure to specify that these are the new style that has the screws for the mounting rings in the
corners. (See Secti@4). The boxes shouldbemmk H A Y OK RSSLJ gAGK oyé¢ | YR ¢ €
threaded hole on the back surface for a grounding scrBvese boxes are available in Mexico but the
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old styleisalsq so you need to be very careful which ones are boughtide range of single, double

YR OANDdzZ I NJ Y2dzy GAy3a NAy3Ia INB | GFAflofSod az2ai
so that the front surface of the ring is even with the finished plaster coat on the walls. If a deeper ring is
required (fa example when mounted on a stone surface), you can order it from Garvin
(http://www.garvinindustries.con), but since the boxes and rings are relatively heavy you should try to

find them locallyThe circular rings need to be ordered from GarYiu mayalso need some deeper2

1/8 inch) boxes as discussed below. These might have to be orderedaonn

An advantage in using these boxes throughout the house is that a single ring can be replaced by a
double ring with a minimunof work. So for example, if someone wants to plug in four devices at a
nightstand, thesingle deviceing can be replacedith a two device ringand a second duplex outlet
added at the same box instead of adding a power strip or multiple outlet adapter.

Specify that 82 machine screws (which come with the switches and outlets) are to luk liseould

be a good idea to buy a T handle and sd@¥82taps since the holes on the boxes are likely to get filled
with cement and must be cleaned out before using the machine sa@wmunt the device. Your
electrician is unlikely to have these tools as he is used to using sheet metal screws for eveltyithing.
worthwhile having some-82 and 1032 taps also as these are also used on electrical boxes and panels.
could not find the taps locally dmrdered them from McMasteCarr (http://www.mcmaster.con)

Deciding how to run the flex conduit between boxes is hormally done in the field by the electrician. But
you should encourage him to limit the number of condeitsnected to each box and the number of
conductors that are present inside each hoxprevent overcrowding the b@s. You can do this

indirectly by specifying on the plans which boxes and switches are assigned to each branch circuit and
how the switches are grouped.

There are rules specified for this under the NEC, but following is a simplificationithabrk as long as

all the branch wiring is AWG#1Pable8-1 lists the calculated minimum volume required for different
configurations of outlets and switch@sounted in the same boxFor example the second configuration
listed is for an outlet that is connected to feed two additional outl&se A2 inFigure8-1. There is one
input conduit and two outputonduits The table shows a total of 3 conduits with a maximum of 3
conductors in any of them. The required volume for an AWG#12 conductor is 2.5 cu inches. The number
of conductors entering or leaving the box is 6 not counting the ground or the wires connected to the
device (duplex outlet in this casdill the grounds together count as one volume and the device itself
counts as 2. So the total volume required is (6+1+2) x 2.5 or 20.25 cu inches. The last two columns list
the available volume fdpoth a standard depth and deep 4x4 box with single or dual device mounting
rings. The required box is shown in badkldthis caseit is a standard depth single ring unit.
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Table8-1 Box Size Requirements

Available Volume

Box 4x4x1.5 4x4x2.125
Configuration Figure No of Max No of Rqd Min box box
8-1 | Conduits| Wires/Conduit| Volume| & 0.5ring & 0.5 ring
Single Device Rings

Duplex Al 2 3 15.75 24.50 33.80
Duplex A2 3 3 20.25 24.50 33.80
SPST B 2 3 15.75 24.50 33.80
3-Way C1 2 4 18.00 24.50 33.80
3-Way Cc2 2 4 18.00 24.50 33.80
4-Way D 2 4 20.25 24.50 33.80
Two Device Rings

Duplex &

Duplex E 2 3 20.25 26.50 35.80
SPST & SPST F 3 3 24.75 26.50 35.80
Duplex & SPST G 3 3 24.75 26.50 35.80
SPST &-Bvay H1 3 4 27.00 26.50 35.80
SPST &-Bvay H2 4 4 31.50 26.50 35.80
3-Way & 3Way 11 3 4 29.25 26.50 35.80
3-Way & 3Way 12 4 4 33.75 26.50 35.80
SPST &-¥Way J 4 4 33.75 26.50 35.80
3-Way & 4Way K1 4 4 36.00 26.50 35.80
3-Way & 4Way K2 4 4 36.00 26.50 35.80

The table shows that standard depth boxes can be used everywhere except where a 3 or 4 way switch is
paired with another device. In thosmsesyou should specify a deep box. This will be done on the
electrical plans discussed in Sectiibelow.

The simplifiedschematics shown iRigure8-1 belowshow that the neutral (and earth ground) are

present in every box. This is not standard practice in Mexico, but you should see that it is done. The
earth grounds can all connect directly to thack of theboxes using a ground screw that is part of a
green ground pigtailltis easiest to instathe pigtailbefore the box is even mounted on the wall. Order
PTS012GN from Garvin Industri&ie reason for having the neutral pass through all the switch boxes is
in casesomedaysomeone wants to change a switch to a different control device. Most timers and some
dimmers require a neutral connection.
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8.5 Device Selection

My personal preference is the Decora style switches and outlets, but | did not find these in Mexico.
However, there are some excellent sadagailable on line, and this will pay for the shipping cost.

If you prefer another style, look for wire contacts where the conductor fits &brasssaddle that

clamps when you tighten the screw.K SaS | NB OFfft SR aol Ol SydaNERé | yR |
entry push inclamps which shouldot be used with stranded wirélhe back entry connectionare

MUCH easier to work with and more reliable.

Many of the switches and outlets sold in Mexico are modular types that let you stack any combination of
SPST or-@ay switches and/or outlets on the same mounting frandeu could theoretically put 6

switches in a single 4x4 box this way using a double rnidgbut the cablesvould not fit. Try to stick

with the configurations shown iRigure8-1 and limit the number of devices per box to 2.

Even the Decora style devices come with push in and screw type wire fasteaddition tothe back
entry compression fittings. The ones | recommend are listed in Tabl&l@se alhaveback entry All

are made by LevitorThe ones listed have a spring type fitting behind the lower mounting screw. This
provides an earth ground connection to the box thereby eliminating the need to connect the green
grounding screw on the device itself. But getting a good contact dependavenghthe device mount
diredly to the front of the box mounting ring. For this reason it is important to install the box such that
the front surface othe devicering is even with the finished wall.

The standard duplex outletstedallow up to 4 wires to be connected to each s{iee and neutral).
Thiscuts down on the number of wire nuts required.

Table 82 Leviton Device Part Numbers

Device PN White PN Ivory
SPST Switch 5621-2W 5621-2|
SPDT Switch {&ay) 56232W 56232I
DPDT Switch @vay) 56242W 5624-2I
Duplex Outlet 16252W 162521
GFCI Outlet N7599-W N7599|
Single Device Wall Plate 80401W 8040l
Two Device Wall Plate 80409W 804091

8.6 Low Voltage Wiring and Components

Many of the low voltage signals (security system sensors, telephone, doorbell aFijl Wge wireless

connections, but some wired infrastructure is needed to connect the base stations to the service

providers. The problem is that the homeowner may wanirtove the telephone base station or DSL

Y 2 R S M@tion soa flexiblewiring arrangement is needed. What | chdeedo amounts tca poor

YIyQa A0GNUHzOGdzZNBR ¢ANAYy3d a0OKSYSo LG O2yaArada 2F Kz
on each floorThese are aterminated inKeystone jacks (RJ11 for telephone, RJ45 for Ethernet and F for
television) on @ecora style platen each room. At the junction bes, only those cablethat will be

used are connected.
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This arrangement allows a single DSL modem, for example, to be located anywhere in the house. The
input to the modem is the telephone line RJ11 connector and its output goes to theoRIM& same

plate. By connecting the appropriate Ethernet cables at the junctioregaxsingle hardwired Ethernet
signal can then be run to any other outlet in the house. Or if a router is installed adjaczjurtction

box, multiple Ethernet connections can be provided. The DSL modem also provides wireless coverage
andsupports a local Ethernet connection to a&QV for example

Similarly a cordless phone base station can be connected at any of the room outlets. A location should
be chosen that provides good wireless coverage to the other rooms, or a repeater can be installed if
necessary to extend its range.

Television signals asern through RG6 cables from the rooftop antenna or cable TV provider through
the junction boxes to the TV receiver. If cable TV or terair reception is used, standardvizay

splitters can be used in the junction boxes to supply multiple TV sets. If fiteatetvice is used, the
service provider can connect the cables from his set top decoder to his roof top antenna. If multiple
satellite receivers are desired, it might be necessary to add additional cables between the junction
boxes, but if the conduits are large enough this should not be a problem.

The boxes specified for the low voltage signals are 4xix2y ¢ F2 NJ ( KS-MMNBZ Y & 2INy R KSE ¢
2dzyOlilA2yad ¢KSasS tft2g O2yRdzAGa 2F mé RAFYSGISNI 6K
Ethernet and the other for the telephone) and an RG6 Blecd hese boxes should be ordered from

Garvin since they will be difficult to locate in Mexico.

Keystone jacks, plates and crimping tools are all available litgoni/www.discount-low-voltage.com
Check to see if your electrician has the tools. They are not expensive, and if you need to make future
changes they will come in handy.

Table 83 Low Voltage Tools and Crimp Splices

Used for Part Number
Crimping RJ11 and RJ45 Keystone Jacks D¥KWIKTOOL
Crimping F connectors on RG6 cable ETCR313
Crimping 3M low voltage splices ETF100-008

3M low voltage splices (CATS5, etc.) 3M-UR

8.7 Electrical Plan

The architect should prepare a plan showing the location of the light fixtures, switches, pbitksiker
panels) and meter(s)Be sure he marks this preliminary because it is the starting point for you to review
and add additional detaildNow is the time to think about where you might prefem@y switches, more
outlets, etc.

The plans should show the meter, ground bar, main entry panel and subpanels as dist\&setibns
8.1 through 8.3.

Review the plans and determine zones for the branch circuits. The plans can indicate these zones in
several ways. | prefer to use a different letter for each zone (A, B, ClViiik )the outlets with these
letters. Lighting circuits for zone A can then be identified Al, A2, etc. Mark each lighting fixture and its
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switches accordingly. For exampifethere are 4 overhead lights controlled by two switches in zone A,
mark the 4 lights and 2 switcha@sALl. If there is another set of lights and switches in zone A, mark them
all A2.

Figure8-2 shows a portion of the second floor electrical plan for Casa Solédedimplete electrical
plan for this house is provided as an attachment to this book and may be printed on D sized (24x36 inch)
paper.

The symbols used should clearly indicate the type of switches (SPST, SPDWdygrswv@ch, DPDT for a

4-way switch). Your architect may use different symbols but there should be a key that defines all of

them. The symbols used Kigure8-2 are defined inFigure8-3.

¢ KS adzo LJ y £éntrddé Carga NI Y6R Xa Ay (KS { 2Re&NAIrD&¢iESNI 2 F
Bafio are zone J while thBalaTV andPasilloare zone Kindicate the home run location for each zone

with an asterisk. For example, the outlet K* is the home run location for zone K.

Where two switches are mounted together in the same 4x4 box, this can be shown by placing a
rectangle around the two adjacent switches on the drawing.

Now refer to the box requirements ifiable8-1. If the two devices that are in the same box require a
deep box, then indicate this on the drawing by placing a second concentric rectangle around the original
rectangle.

The drawing should show the height of each device (outlet, switch, etc.) above the finished floor. By
default, switches in Mexico are mounted 100 cm (40 inches) above the finished floor. In the US, 120 cm
(48 inches) to 130 cm (52 inches) is the stand@his dimension is to the center of each mounting box.
Whatever you decide, place this on the drawing. Outlets are mounted 35 cm (14 inches) above the
finished floor. This is about the same as in the US.

The low voltage outlets are indicated by the symbol SS and the junction boxes for these is RS. Try to
locate the junction boxes for the two floors and the roof more or less above each other so they can be
connected using vertical conduits.
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® CONTACTO DE FALLA CON TIERRA \ 4 MESIE[?OR
SWITCH WITH WATERPROOF COVER
@ APAGADOR SENCILLO CON PLACA PARA INTERPERIE @ S:EGRI\:/ITélgEDRg/ISCEENAL
SWITCH SPDT WITH WATERPROOF COVER
@ APAGADOR DE SCALERA CON LACA PARA INTERPERIE glEegél{'éLojNé:ETlsoENﬂiLox
DUPLEX OUTLET
@ SWITCHES IN 4X4X2 1/8 BOX
CRNTACTO = | WITHDOUBLE RING
UNDER COUNTER DUPLEX OUTLET
2 A S A iR APAGADORES EN 4X4X2 1/8
CAJA CON ANILLO DOBLE
CAN LIGHT
) SWITCHES IN 4X4X1 1/2 BOX
LAMPARADEBOTE o WITH DOUBLE RING
SCONCE e APAGADORES EN 4X4X1 12
H3
ARBOTANTE CAJA CON ANILLO DOBLE
. FLOOR LIGHT
L LUZ DE PISO Rsi | | SENE

Figure8-3 Electrical Symbols Used on Plan

8.8 Specificationand Parts

The specifications should be made part of the house pdawalsshoulddentify the electrical parts and
method of installationFor example, the model numbers for the switches and outlets, the mounting of
the boxes and device rings (flush to the finish surface), method of wirimgy3circuits, etc. should all be
specified Theyshould be in Spanish so the electricians can readily understand it. Using the electrical
plan and the specifications,kall of material§yBOM)can be preparedor ordering the partsTogether

with the architect, you need to make clear who will be responsible for providing the various parts.
Anything unusual should be provided by you, the home owner. Common items like conductors and
conduit should be provided by the electrician and tifiktures by the architectin my opinion providing
the specified items is the best way to insure that they are actually used and that the best prices are paid
whether they are locally purchased or imported from the US. If a substituted part is usaddeeof

price or availability, you should make that determinatimurself.

The best way to keep track of the parts that you as the owner will supply is to prepare a spreadsheet
BOM.Everything else not listeid then provided by the electrician and/or architedit this writing,cost

to ship toSan Miguelsing a package forwarding service from Texas runs about $3.75 per pound. Most
of the itemson the BOM (switches, et@ye not heavy. Thheavy itemsare the metal boxes and rings,

but most of these are available in Mexidhen ordering, be sure torder someextrasfor spares. It is

likely that once construction of the house begins, you will want to add a few extra outlets, etc.

An examplespecificationwritten in both English and Spaniahda BOMare providedasattachments to
this document. These were prepared for Casa Soledad (Sectigmui $pu can easily modify them for
the devices and quantities for your own home.

8.9 PersonaBupervision

This needs to be done because communicabetweenyou, the architect, the maestro, and the
electricians will not always be perfe&nd there will be mistakes including some on the plans and in the
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specifications. If you really care about the electrical work being done the way you intend, you need to be
on hand each time something new and different is done. In my experience, no one will be offended by
this. And if something is done wrong, the eledisins are happy to redo it. Of course, they work on a

time and materials basis, so rework is simply more work and moreHmayever, remember that
ultimately you are the payer, so it is to youebefit to minimize the rework.
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9 Rewiring thePool Areaat Casa Erres

9.1 Introduction

Our first home in San Miguel w&asa Erres his house was constructed around T@hd included a
separate pool area in the back that had a covesattoor kitchen/BBQ behind the pool and a pool
equipment roomin a basemenbelow the kitchen area.

The wiring in this area wavisibly bad that it got m&ondering, is this as dangerous as it logkan it
be fixed, and would anyone else want to know how to go about fixing a similar prodleen&nswer to
the first two questions was yes. As to the third, that is the reason for this book.

The pool areavas wired independently from the house proper. Thépanel for the pool areaas
located inthe basementpool equipment roomand it ®uld be disconnected using a large knife switch
located at the service entry panat the front ofthe house Rewiring of theentry panel and the other
two subpanelaised in the house itselfill be covered irSectionl0.

9.2 Mapping the Original Wiring

The appearance of thelectrical switches and outlets in the upper area looked fine, butthiang in the
basement area waterrible. Many of the individual conductors were simply strung between boxes
outside the wall Others used an assortment afangeflex conduit, some inside the walls, others
outside; steel conduitand everextension cordsl knew right away that | was going replace the knife
switches, fuses, individual circuit breakers and exterior cabling with a new circuit breaker boxstBut fir
the existing wiring needed to be mapped out using the method described in S&ction

The originalviring diagram isshown inFigure9-1 and Figure9-2 with the lower basement area on one
page and the upper patio area on a second page.

Each block shown in dashed lines represents a physically separate wiring area. Most of these are simply
electrical boxes, usually#1/16x411/16 inches located behind switches, receptacles or blank panels.

The Control Panel was a large wooden board withividual circuit breakers, a mechanical timer for the

filter pump, and a main disconnect knife switch mounted on it.
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witch

C [Flourescent

BLK #14 IWHT #14
\O
=)
BLK #10 BLK #10
RED #10 RED #10
WHT #10 WHT #10
GRN #12 GRN #12
Basement Light Switch Box

Figure9-1 Pool Lower Level Original Wiring

BLK #10 O\‘,\o BLK #12
.
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GRN #14 —_ BLK #12/PS
—~ RED #12/P2
40 A
RED #12/P2
BLK #12/P2
WHT #14
Mechanical
| Timer
BLU #12 20 A
— BLU #14
30A WHT #14
] WHT #14
L
GRN #14
LK #1a To Lights &
Receptacles
Control Panel
D
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BLK #10 BLK #10
RED #10 RED #10
WHT #10 WHT #10
GRN #14 GRN #12
WHT #14
B
GRN #12
RED #12/P2
IWHT #12 L
BLK #12/P2
GRN #12
BLU #12 BLK #12/P1
WHT #12/P1 N
E F M
Pump2 Pumpl Heater
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Figure9-2 Pool Upper Level Original Wiring
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Each electrical block is connected to one or more others through conduits shown in the diagrams by the
heavybluelines and marked A, B, C, etc. The individual conductors feed through these comtdags

are the blacKines.The short, slanted lines indicate where the individual conductors enter the conduits.
For example, ifrigure9-1, the box behind the basement light switch is in the lower right hand corner

and is shown to have four conductors entering through conduit A which comes from the main service
entry panel at the front of the house.

Note that heavy dots are used to indicate connections between conductors. Where two wires cross on
the diagrams without being connected, there is no dot.

The conductors are marked as having a color and wire size. The actual wirerasddmost always
different from that shown in the diagram, but after determining its functionyds markedvith colored
electrical tape using the convention that | find most convenient.

BLACK RED WHITE GREEN BLUE YELLOW
Line 1 (hot) Line 2 (hot) Neutral Earth ground  Switched load Added for
(hot) comment

Particularly during tracing of the wireswiashelpfulto write something on each end of some of the
wires to indicate their function. | used yellow tape for this purpose, along with the appropriate other
colored tape (black, red, etcl)also made it a point to color code all wires as they were identieden
putting, for example, white tape around white wirasthe rare cases where theyere actuallyused as
neutrals.

9.3 Analysis of Existing Wiring

Conduit Awasa long run to the pool area. iérminatedbehind the switch used to control the overhead
fluorescent lights in the basement. See the block Basement Light Switéh Bgure9-1. The #10 main
feed conductors then pass through conduit B to a second junction box on the North wall of the
basement (North-Box), and from there though an exposed metal conduit D to the Control Panel.
However, note that a receptacle and switch for the overhead fluorescent hgissonnected directly

to line 1 and the neutral in the switch box. Thiasbad because disconnecting the main knife switch on
the Control Pandkft this wiring live. lwasalso bad because this wiringgsAWG 14 which is only rated
at 15 amps. If these wires were to short together, the only protectionld bethe 60 amp fuse in the
Service Panel at the front of the house. One of the thingslthatntedto accomplish during the update
wasto connect all AWG 14 wiring used for relatively low current lightind receptacles to a 15 amp
GFCI circuit breaker on the new Control Panel. Another problem shasthat the receptacle on the
light switch dd not have an earth ground connection even thougtvitsavailable in the same switch
box. Adding the missing earth groundsvery simple, but rewiringhe outlet and light switch to a 15
amp circuit coming from the new breaker pamabuld require pulling a #14 black and #14 white wire
through conduit B.

The North Boxshown inFigure9-3 wasa very messy interconnection, ahgvantedto simplify it

somewhat. Basically, fassedhe main entry lines from conduit B through to the circuit breaker panel

via conduit D. In addition, the two pumps P1 (which runs on 127 VAC) and P2 (which requires 220 VAC)
conneckdvia floor conduits F and E to this junction box. During a recent renovation of the pool
equipment, a mechanical timérad beemadded to control the filter pump, P1. This tim&as
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conveniently mounted on the Control Panel board, bwtdiswired through exposed cables L down the
outside of the wall and into the junction box under its cover platgantedto movethis wiringto the
Control Panel board itself. Conduitwasused to supply power to thgaspool heater. This powewras
switched so that the heatezouldbe on only when the filter pumpason. Conduit Mvasalso wired to
the North JBox by routing it under the cover. Thissan exposed slit plastic tube.

Since the entire basement ar@asbelow ground, all its walls were built using concrete. Tiesint

that adding new conduit inside the walls would be extremely difficult to(@mncrete is MUCH harder
to chisel out than cement plaster and brickn alternative wayo improve the appearance and safety
of the exposed conduits such asvivbuld beto replace them with water tight flexible conduit and install
fittings where they enter junction boxes such as the NofBo3. An easy way to do thisould beto add
an extension ring to the existing junction box. Teuld provide entry holes for the flexible conduit,
and in additiorwould provide more volume for the large number of conductors inside this box.

Figure9-3 North 3Box Original Wiring

Thereweretwo other problems with the wiring ithe Northjunction box. The WHT #14 wire from the
Control Panelvasused as the neutral on the pneumatic switch relay. Butas connected to the earth
ground (GRN) instead of the neutral (WHT). Wusked, but itwas avery badarrangementsince earth
ground wires should never carry current except under fault conditions. Also, teesa GRN #12 wire
that went between the mechanical timer and the heatbrough conduits L and Mut itwasnot
connected b the earth ground.

The Control Panel contained a number of circuit breakers and a knife sWitelewasa dual40 A
breaker for pump 2 (the Jacuzzi jet pump). This brealasroversized for the wiring and the pump
whichwasrated at 10 amps. Given the AWG #12 wiring for the pump, tt@aker shoulchave beer20
amps. Pump 2vascontrolled by the pneumatic switch connected via the exposed metal conduit G.
Therewasasingle20 A breaker used for pump(the filter pump). This pumpvascontrolled by a
mechanical timer via conduit L. Pumpvasrated at 6.5 amps and wired using AWG 12 wiring, so the
size of this breakewascorrect. Theravasalso asingle30 Amp breaker thatvasnot connected to
anything.It might have been used for the lighting and outlets at one point, but these wetréused at

alll Since the pool light and all the other lighting and receptacles used in the poolvereavired with
AWG #14 wire and in total consuhabout 7 amps, this breakeouldbe changed to a 15 Amp size and
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used for all these loads. &lbreakeralso needed to be GFCI type because of the proximity of the
outlets to water. As shown in the phofeigure9-4, the Control Panatontainedseparate electrical
boxes for the knife switch and each of the three circuit breakers. Tlweseinterconnected with
individual conductors taped together. All of tliguldbe replaced with an inexpensive breaker panel,
the Square D model QOX204. Themesno need to provide a local main disconnect on this subpanel
since thisvasprovided at the main entry. The new subpameaduld contain a dual 20 A breaker for
pump 2, a single 20 A breaker for pump 1 and a single 15 A GFCI breaker for all the lighting and
receptacles.

Figure9-4 Pool Control Panel Original Wiring

The East-Box is shown ifrigure9-5 below. Note the rusting in this box. Whatshappeningwvasthat

the junction boxfor the pool light, which by US code should be 18 inches above thewasin fact
mounted slightly below the pool deck. When the poekrfilled for example due to a very heavy rain,
the pool lightjunction box filled with watertherebysubmerging the wiring. Even worse, the flex tubing
that ranfrom this box to the Eastldoxfilled with water. So the water level of the poaiaslowered by
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draining it down conduit J, through the Eagiak, down the wall and across the floor to a floor drain.
Fixing this disastewill be discussed separately.

o

Figure9-5 East Box Original Wiring

The Column Switchese shown inFigure9-6. One switctcontrolledthe two overhead lights, a second
switchwasfor a future overhead fan, and the third switcbntrolledthe pool light. The Honeywell timer
had beenadded to control a decorative light string that paeginto the receptacle. Conduit upplied
power to the receptacles along the counter top. Note thar@sno green earth ground wire to these
receptacles. Thisouldbe addedwithout too much difficultysince the earth groundasavailable in the
Column Switch box, and the receptackesre all of the 3prong variety.

Conduit N
above box

Conduits K & F
below box

Figure9-6 Column Switches Original Wiring
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9.4 Upgrading

Summarizing the changes to be made to the pool area:

1. Replace knife switch and three breaker boxes on the Control Panel with a Square D model
QOX204 circuit breaker box. Eliminate the wood panel.

2. Replace circuit breakers and fuses with-aale 20 A for pump 2,-fole 20 amp for pump 1 and
1-pole 15 amp GFCI for lighting/receptacle circuits.

3. Add a4-11/16inchextension ring to the North-Box and replace existing external steel conduit
D and plastic flex conduit M with new waterproiinchflex conduits.

4. Replace surface mounted receptacle at heater end of M with a hladymounted receptacle
that accepts a ¥ inch waterproof flex fitting.

5. Replace external steel conduit G with waterprédinchflex conduit

6. Add a handybox over the end of conduit B and reroute the individual conductors running
0SKAYR (KS 622R LI ySt GKNRdzAdnNdbit aK2NI f Sy3adK 2

7. Mount a 220 VAC receptacle in this handy box and wire it for the input plug to the mechanical
timer.

8. Add a BLK #14 conductor and a WHT #12 conductor to conduit D.

9. Add a BLK #14 conductor and a WHT #14 conductor to conduit B.

10. Add a GRN #14 conductor to conduits P, R and S.

11. Rewire according to the diagraaahown inFigure9-7 and Figure9-8.
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RED #10
BLK #10 Pn?um
Switch
WHT #10
GRN #14 —_ BLK #12/PS
-~ RED #12/P2
20A
RED #12/P2
BLK #12/P2
WHT #12/PS
CRN #14 Mechanical
WHT #14 Timer To Upper Lights
RED #12/P1 BLK #14 & Receptacles
WHT #12/P1 NEW. BLK #14
GRN #14
WHT #14
20A
RED#12 H2
WHT #12
— BLK #14/UP C F_Iourescent
RED %1% ight
WHT #14/UP
15 A GFCI BLK #14 IWHT #14
BLK #14/FL NEW.
WHT #14/FL GRN #14 GRN #14,
GRN #14
WHT #12 L
/77 Handy Box
Subpanel QOX204 =)
H1
D2 D1
North J-Box
BLK #10 BLK #10 BLK #10 BLK #10
RED #10 RED #10 RED #10 RED #10
WHT #10 WHT #10 WHT #10 WHT #10
GRN #12 GRN #12 GRN #12 GRN #12
BLK #14/FL NEW BLK #14/FL NEW BLK #14/FL NEW.
WHT #14/FL WHT #14/FL NEW. WHT #14/FL NEW.
B o . .
nt Light Switch Box
GRN #12
RED #12/P2 A
BLK #12/P2 M
RN #12 RN #12 From Entry Panel
RED #12/P1 RED #12/P1 RED #12/P1
WHT #12/P1 NEW WHT #12/P1 NEW.
Heater
E F
WHT #12/P1
Pump2 Pumpl Handy Box

Figure9-7 Pool Lower Level New Wiring
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o
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BLK #14
East J-Box
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NC #14
GRN #14
BLK #14
WHT #14

Figure9-8 Pool Upper Level New Wiring
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All of the items needed to make these changes were available in Mexico exceplilig#a&linch
extension ring.

Photos of the new wiring are shown below.

Figure9-9 Basement Light Switch New Wiring

The new #14 black and #14 white conductor were added to conduit B and the light switch and outlet
were rewired to use these. This turned out to be very easy as the nylon pull tape (snake) ran cleanly
through the conduit to the North-Box without having taemove the existing conductors.

Figure9-10 East sbox New Wiring

The two previously unused conductors marked NC1 and NC2 were left in place.

102



Conduit D2

Conduit M

Conduit D1

Figure9-11 North 3Box New Wiring

The number of conductors that needto run from this dox to the Control Panel exceeded what could
be pulled through a single % inch flex conduit. So two were me using the straight adapter on the
left side of the box and the second using the right angle adapter at the top. The conduit on the right
goes to the pool heater handy box outlet. Note how adding an extensioralimgedthese conduits to
mount flush to the wall.

Figure9-12 Pneumatic Switch New Wiring

A% inchwaterproofflex conduithnow connects tke pneumatic switch to the control panel.
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Figure9-13New Circuit Breaker Panel for Pool Area

The new circuit breaker panel contains the buses for line 1 and line 2 at the top. The neutral bus is at the
lower left and the earth ground bus at the center bottom. Note the GFCI breaker on the right.

o A G R e < 5 ),
AES N T S ,

Figure9-14New Subpanel for Pool with Timer on Left
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Figure9-15Newly Rewired Pool Lower Level

Figure9-16 Pulling New Green Wire through Conduit P at Column Switches

Here it was necessary to first remove the original black and white conductors from the conduit, then pull
all three conductors at the same time back through it.
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Duplex
Column Outlet
Switches )

Recessed
Junction Box

for Pool Light

Figure9-17 Rewired Upper Pool Area

Fixing the problem of the podightQ&iring being submerged when the pool leweghstoo high

presented several options. The pool itself lacked a functioning overflow system. The pool light junction
box couldhave beerrelocated per US code to the wall on the right and raised 18 intioegeverthis

would have involved major surgery to the decking around the pool. Another option virawiel beerto

simply plug the end of conduit G going to this junction box with Siliconaksaapply it around the

wire nu connectors. This would keep the pool from draining through the electrical wiring and the-East J
box. The third optionwasto prevent the pool from overflowing by providing a leveling drain.

| decided to implement both options 2 and 3. Fixing the overflow promgimout having to cut into the

pool decking involved adding a drain/leveling pipe to the existing filter pump inlet piping in the
basement areaBy makinghe openend of this pipe equal to the desired pool levible poolwould

drain throughit, and the proper levelkould be maintained. Of course, this drain pdthd tobe closed

when the pool pumpvasoperating or the pumpvould simply suck air througthe pipe. A passive check
valve was considered, but the problem with these is that they typically require 2 psi differential to open.
This does not seem like much, but 2 psi corresponds to abtestéf water! A better solutiorwasto

use a normally open solenoidlve between the pump inlet and the open end of the drain line. Was
actuated by plugging the solenoid into the same switched duplex outletviagused toenable the

pool heater. Figure9-18 through Figure9-20 show the plumbing and wiring. (It actually works).
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