Understanding Electricity and Good Wiring Practices – Part 1
By Laurie Kitchen
1. Introduction
There are lots and lots of things that could be talked about regarding electrical and electronic projects
and wiring. Far more than can be covered in one session. So this session is really intended as an
introduction to help those who feel a little intimidated by the subject, gain an understand of the
basics. Understanding the basics is really important. Otherwise, we can do foolish things which could
result in disaster.
2. What is electricity?
Without getting too complicated, we need to understand
that all matter is made up of atoms which have three
parts. A nucleus made up of protons carrying a positive
charge, and neutrons with no charge, surrounded by
orbiting electrons carrying a negative charge. Normally
the number of protons equals the number of electrons
and the atom has a zero net charge. But if the number of
protons does not equal the number of electrons, the atom will carry a net positive or net negative
charge. This type of atom is called an ion. A positively charged ion will be attracted to a negatively
charged ion so that a collision of the two will create two neutral atoms by passing electrons from the
negative ion to the positive ion. In the process energy is released. This movement of electrons is the
basis behind electricity.
3. Lightning – Nature’s Electricity
Electricity occurs naturally in nature with spectacular
results.

4. Batteries
This is why a battery has two poles – one positive, one negative. If we were to connect the two poles
together with something that would conduct the movement of electrons, the
battery would eventually neutralize itself. How well the conductor conducts
will determine how long it takes for the battery to “run down”. How well the
conductor conducts is determined by its Resistance. The lower the resistance
of the conductor, the faster the battery will discharge. However, we are not
normally concerned with simply discharging the battery. We would like to take
advantage of the movement of charge to do some work: turn on a light, make
some heat, turn a motor, produce a magnetic field, etc.
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5. Definitions
Voltage (V) is a measurement of the difference in charge
between the two poles. Current (I) is a measurement of
the flow rate of charge measured in amps. Resistance (R)
is the restriction to flow caused by the combination of the
conductors and load, measured in ohms. Voltage is related
to Current by Ohm’s Law: V=IR or Volts=Amps*Ohms.
Sometimes we need to flip this around: I=V/R or R=V/I.
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6. Power
Power (P) is defined as The Rate at which Electrical Energy is transferred by a circuit. Power is
measured in Watts and can be calculated as P=VI. Watts=Volts * Amps. Applying Ohm’s Law we can
see P=I2R or P=V2/R.
7. Direct Current
There are two basic types of electricity: DC and AC. DC
stands for Direct Current. It means that the current in the
circuit always flows in the same direction and the voltage
at the poles of the battery or generator never reverses.
Batteries are always DC. Generators can be DC or AC.
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8. Alternating Current
AC stands for Alternating Current. It means the current in
the circuit is constantly changing directions and the
I
voltage at the poles of
the
generator
is
R
V G
constantly
changing
polarity. Because AC is
generated
from
rotating
machinery,
the current and voltage change direction in a sine wave pattern. A
cycle is the length of time it takes to repeat its pattern. Frequency is defined as the number of cycles
per second and is measured in Hertz. Standard house power is AC 60Hz.
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9. Non Sinusoidal AC
Non sinusoidal AC is also possible in infinite patterns:
square waves, triangle waves, sawtooth waves, etc. In
these types we can vary the ON time versus the OFF time
of a square wave for example. Frequency is still defined
as the number of cycles per second and is measured in
Hertz. There are many uses for these types of AC in
model railroading. But for now, just know they exist.
10. Loads
Loads are defined as anything that uses electricity for a purpose. Some loads run on DC, some on AC,
some on either. In model railroading we can use a variety of different type of loads, but they usually
fall into one of the following classes.
A HEATER is anything that uses electricity for the express purpose of making heat (e.g. a smoke
generator), or deliberately limits current or voltage by making heat (e.g. a resistor, voltage regulator.)
A LAMP is anything that uses electricity for the express purpose of making light (e.g. incandescent
lamp, Light Emitting Diode [LED]) .
An ELECTRO-MAGNET is anything that uses electricity for the express purpose of producing a
magnetic field (e.g. Coil type switch machine, Relay, Electro-magnetic uncoupler, Solenoid).
A MOTOR is anything that uses electricity for the express purpose of producing rotating motion (e.g.
Locomotive motor, stall type switch machine, screw drive switch machine).
An ELECTRONIC LOAD is anything that uses electricity for the express purpose of control or logic (e.g.
Digital Command Control [DCC], light flashers, sound modules, motion sensors, occupancy detectors,
sequencers, mini-computers, and many more).
11. Transformers – Changing Voltage
The applied voltage to a load must not exceed the rated voltage of a load. We can change the
brightness of an incandescent lamp by changing the voltage, but as the lamp burns brighter, the lamp
life decreases.
Likewise, we can make a motor run faster by increasing the voltage, but as we do, the motor life
decreases. In model railroading, most loads are rated for 12V, however you will also find 14V, 16V and
18V rated loads. Putting 12V on an 18V incandescent lamp will make it last a long time, but it will not
burn as brightly as a 12V lamp on 12V. Putting 18V on a 12V lamp will cause it to burn out very quickly.
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Transformers are used to change AC Voltage. They do not work on DC. Ideally, Power IN = Power OUT.
Transformers must be rated for the Power that the load requires. Too small a transformer will burn
out.
Connecting a 12V grain of wheat lamp to a
120V wall socket, would cause the lamp
would burn out instantaneously. But by
inserting a 120V:12V transformer to convert
the 120V wall voltage to 12V, the lamp will
work perfectly on the 12V side of the
transformer. Grain of Wheat lamps pull
around 100ma (.1amp) at 12V and therefore
require a transformer rated at .1*12=1.2W –
pretty small. Connecting a 12V 100W lamp, I
would require a 100W transformer.
Caution: transformers must be connected the right way around. READ THE LABELS. Connecting a
120V:12V step down transformer backwards, actually creates a 120V:1200V step up transformer –
something very dangerous!
Fortunately for model railroaders, transformers are built in to the power packs or power supplies that
we use to power up our model railroads. But we must use a power pack or power supply that
produces the proper output voltage for our railroad with enough power (Watts) to supply the load
requirement for our railroad. Using a G scale (18V) power pack on an N scale (12V) layout is going to
cause problems.
It should be noted in way of passing, that most modern power supplies don’t use a transformer.
Instead they use a technology called “Switching”. I’m not going to get into the details of how they
work, except to say they use solid state circuits to “Switch” on and off the incoming high voltage to
produce a lower voltage. These power supplies are more efficient and smaller than traditional
transformer based power supplies.
12. Converting AC to DC
Many loads used in model trains will work off AC or DC: incandescent lights, smoke generators,
electro-magnets. But many loads require AC or DC specifically to work properly. Some model trains
use AC motors: e.g. Lionel O, Marklin HO. But the vast majority of today’s model trains use DC motors.
Some motors will work on AC or DC and are called Universal Motors. AC is easily converted to DC by
using something called a rectifier.
A diode is a device that only allows current to flow in only one direction.
Putting a diode into an AC circuit will convert it to DC – maybe not
smooth DC, but DC nonetheless. Putting a diode into a DC circuit will
have no effect when installed one way, and will block the flow of
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current when installed the other way. LEDs (Light Emitting Diodes) are a special type of diode that
produce light. They will work on AC. They will only work on DC when installed the proper way.
Diodes have a maximum current rating, so always make sure you do not exceed the rating or you will
burn out the diode. You do this by inserting a suitable resistor in series with the diode, where R=V/I.
V is the voltage across the resistor (V of the power supply minus V across the diode which is about
0.7V usually), and I is the maximum current rating of the diode.
When a single diode is installed on an AC circuit, it has the effect of clipping off half of the sine wave.
Such an arrangement is call a Half Wave Rectifier. Depending on the direction of the diode, you clip
off the top or bottom half of the sine wave. This determines whether you are creating a + or – voltage
compared to neutral.

13. Full Wave Rectifier or Bridge Rectifier
Four diodes can be connected together to make
a Full Wave Rectifier or Bridge Rectifier. A
capacitor, which is a device which stores charge,
is used to smooth out the final waveform to get
DC which is closer to that of a battery.
Fortunately, again for model railroaders, all this
stuff is already built into DC power packs and
power supplies. But there are other places for
using these components, so it’s good to know
what they are and what they do.
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14. Circuit Problems
A Short Circuit is a way for current to by-pass a load. For example,
laying something conductive (low resistance) across the rails will
short circuit the locomotive since the rails are part of the conductive
circuit. A short circuit usually causes a very high current to flow
because the voltage source sees the low resistance of the short
instead of the normal resistance of the load. It will cause fuses to
blow or circuit breakers to trip to avoid destroying the power
source.
An Open Circuit is a break in the conductor to the load. For example,
a broken rail joiner, or a broken solder connection can prevent
current from getting to a locomotive. An open circuit causes a zero
current to flow.
A Bad Connection introduces something that limits the current in a
conductor. For example, a loose rail joiner, or a poor solder
connection can limit the amount of current getting to a locomotive.
Whilst the locomotive may still have some power, its performance
will be severely limited.
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15. Series versus Parallel Connections
In a Series Connection all loads share the same conductor path. If, for
example, we had a 12V power source and two identical 12V
I
R
incandescent lamps, the voltage across each lamp would be half of
V
the power supply or 6V. The lamps would light with equal intensity,
R
but much dimmer. Because the load resistance is now 2R, the current
(I) would be half of that with a single lamp (I=V/2R). One could, of
course use 6V lamps instead of 12V lamps and the light intensity would be normal. The same reasoning
could be used for two identical 12V motors. Each would run at the same speed, but much slower.
If the two loads are not identical in a Series Connection, then the
voltage across each will be a function of the resistance of each.
Remember Ohm’s Law: V=IR. Since both loads are sharing the same
current (I), the voltage across each load will be V1=IR1 and V2=IR2.
Since V1+V2 must equal V, we can also calculate V1=R1/(R1+R2)*V
and V2=R2/(R1+R2)*V. This will cause lamps to burn at different
brightnesses, or motors to run at different speeds.
In a Parallel Connection, all loads see the same voltage whether the
loads are equal size or not. So, all incandescent lamps would light at
full intensity and all motors would still turn at full speed. However,
the total current (I) would be the sum of the individual currents for
each load.
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16. All About Wire
Now let’s talk about wire. Wire may seem like a mundane topic, but wire is essential in getting electric
power from the power source to the load. Wiring must be done properly or there will be serious
repercussions – poor performance or even fire.
17. Wire Gauge
When choosing the right wire for the task at hand, there are a number of things to consider. First and
foremost is to make sure the wire is large enough to handle the current requirements. Wire sizes are
measured by AWG (American Wire Gauge). Larger AWG numbers indicate a smaller diameter wire
and hence a small current carrying capability. Using too small a wire will result in the wire running hot
and potentially causing a fire hazard. Using too large a wire is just a waste of money.
The attached table illustrates the most common AWG sizes used
in Model Railroading. Notice AWG #14 will handle more current
than AWG #30. It is good practice not to run the absolute
maximum current through a wire continuously. A practical
maximum current is suggested in red. Notice that wire has a
resistance. This means that there will be a voltage drop across a
wire. Remember Ohm’s Law: V=IR. Any voltage lost in the wiring
is not available for the load. For very long runs, it is
recommended that you increase your AWG (smaller number) to
keep the voltage drop through the wiring to a minimum.

AWG

Resistance
Copper Wire
Ohms/km

Absolute
Maximum
Current
Amps

Practical
Maximum
Current
Amps

14
16
18
20
22
24
26
28
30

8.28
13.17
20.95
33.31
52.96
84.22
133.9
212.9
338.6

32
22
16
11
7
3.5
2.2
1.4
0.86

16
11
8
5.5
3.5
1.75
1.1
0.7
0.43

18. Insulation
Wires can come with various types of insulation – including uninsulated. The insulation determines
the voltage that can be applied to the wire as well as the allowable operating temperature of the wire.
For Model Railroading purposes we don’t need anything fancy since we are dealing with low voltages
and low operating temperatures. But with few exceptions we do need to use insulated wire. Also,
with few exceptions we should avoid magnet wire which has
a varnish insulation applied.
Perhaps this biggest use of insulation in Model Railroading is
Color Coding. Wire comes with a multitude of insulation
colors which can be used to help identify a particular wire in
a bunch.
There are some standards. When dealing with power
supplies, GREEN is the common color for ground wires.
BLACK is commonly used DC+ wires. RED is commonly used
for DC- wires and WHITE is commonly used for DC neutral
wires.
7

The NMRA has defined standards for DCC decoders: BLACK is left (fireman’s) side power pickup. RED
is right (engineer’s) side power pickup. GRAY and ORANGE are for the motor feeds. BLUE is the +
common for lights. WHITE is for -F0 Forward Light and YELLOW is for -F0 Reverse Light. Other colors
are manufacturer specific.
Beyond that it’s up to you.
19. Stranded versus Solid Wire
Wire comes as stranded or solid core. Either can be used for most applications in model railroading.
However, stranded wire should be used where there will be a lot of flexing required (e.g. attaching to
a truck which is continually turning on the body of a locomotive or lighted car). Whilst stranded wire
will carry a small amount of extra current due to slightly lower resistance than solid wire, the amount
of extra current is minimal. Because stranded wire flexes, it doesn’t kink or knot as easily as solid wire
and is easier to pull over long distances. Not all stranded wire is alike. The more strands in a wire, the
more flex it will have.
Solid wire is cheaper. Solid wire holds its shape better and should be used where wires need to stay
put. Solid wire is also easier and safer to attach to a terminal or crimp connector since you don’t have
to worry about stray strands of wire causing a short circuit.
20. Multiconductor Cables
Wire can also be purchased as multiconductor cables. Since every circuit needs
at least two wires, twisted pair wire is often used by modelers. Doorbell wire
is an example of twisted pair wiring. Switch machines often require three
wires, so twisted 3 wire is often used. Cables with many wires are often
enclosed in an external sheath. Sometimes cables will contain multiple twisted
pairs in an external sheath (e.g. 15 pair cable actually has 30 individual wires).
Twisted multiconductor cable in model railroading can be used for all kinds of
10 Conductor
applications like track power, switch machine power, lighting circuits, etc.
Sheathed Cable
AWG16 to AWG22 is the most useful size. Be careful, though, if you are
connecting multiconductor cables to computer circuits, as the close proximity of wires can cause
interference between computer circuits and power circuits.
Multiconductor cable can also come as flat wire where the individual wires are
attached side-by-side. This type of cable is also known as ribbon cable. Again,
you can use flat paired wire such as lamp cord, or multiconductor flat cable such
as telephone cable (4, 6 or 8 conductor) or USB cable. In model railroading you
will often find this type of cable used in DCC data highways, digital fast time
clocks circuits, computer interface circuits, etc.

8

8 Conductor
Telephone Cable

Ribbon cable with large numbers of conductors is useful in electronics and
computer circuits where using edge connectors to attach to a Printer Circuit
(PC) board is required. These cables have limited use in model railroading.
Likewise, there are various forms of shielded cables as well as coaxial cables.
These cables also have limited use in model railroading, but are included here
for completeness.

20 Conductor
Ribbon Cable

21. Track as a Conductor
Track is a special type of conductor that carries electricity from a wire connected to it, to the
locomotive or lighted car running on it. There are a number of things that affect how well track
performs this task.
First, we must consider how well the track conducts electricity. Like wire, the larger the cross section
of the rail, the more current it will carry. Rail size is measured as a code number which corresponds
to the height of the rail in thousandths of an inch. For example, Code 100 rail is .100” tall, code 83 rail
is .083” tall. Obviously, Code 100 rail will carry more current than code 83 rail. However, the size of
rail you use is also a function of the scale you are modelling in and how well you want to adhere to
scale appearance. On the prototype, rails of different sizes are used depending on train weight and
speed and the function of the track. The prototype measures rail size in pounds per yard. When the
CPR was first constructed across Canada, they used 60#/Yd rail. As trains grew heavier and faster, rail
size increased. 80#/Yd rail was quite common in the late 1800s and early 1900s, and is still found on
lightly used branch lines and spur tracks. 100#/yd rail is also still quite common on moderately used
branches and yards. For mainline service today in Canada 137#/yd rail is common. In some places in
the US even heavier rail is used – up to 150#/yd. So, you must make a compromise between better
electrical conduction and scale appearance. The following table compares scale rail size by scale to
prototype rail size. As you can see, in the smaller scales, even the smallest available code rail is too
big for prototype fidelity. Fortunately, smaller scale track need to conduct fewer amps.
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22. Conductivity
Rail to Wheel Conductivity: In general, the more wheels picking up from the track for any given loco
or car, the better the current transfer will be. Power pick-up shoes rubbing the rail will pick up better
than just wheels because they have a larger surface area touching the rails. The more weight on the
wheels the better the electrical pick-up will be. This is a distinct advantage for larger scales. Then, of
course, there is dirt and grease – on the rails and on the wheels. Track and wheels must be kept clean.
Even non-conducting plastic wheels need to be kept clean as they can spread dirt and grease around
the layout.
Track Material: Model railroad track can be made of different materials – each of which have different
conductivities and characteristics. Common track materials are steel, brass and nickel-silver. By far
the best track is nickel-silver. Don’t consider anything else. It has the best conductivity, the best
resistance to dirt build-up and the best resistance to corrosion or tarnishing.
23. Connections
Inevitably, when talking about wire and track, we must address connections. In model railroading,
wire must connect to a power source at one end and the load at the other end. In between we may
have connections to electrical switches, relays, fuses, breakers, transformers, diodes, track or other
wires to name but a few. Poor connections are the main source of electrical problems on a model
railroad.
Most devices made specifically for model railroads, like power packs or
switch machines, have terminals with either screws or pressure
connections. The picture shows an example of a screw terminal block.
There are two types of screw terminals: First a
simple screw. You can simply wrap your wire around
the screw and tighten. Always make sure you have
stripped enough insulation off the wire to allow it to
wrap most of the way around the screw, and always wrap
clockwise so tightening the screw tightens the
connection. A better way to connect to a simple screw is to use a crimp-on
ring or spade connector. The insulation color indicates the size of wire they
will handle: RED AWG 22-16, BLUE AWG 16-14, YELLOW AWG 12-10. A ring
terminal requires taking the screw completely out whereas a spade terminal requires only loosening.
You can use a pair of pliers to crimp the terminal to your wire, or you can purchase a crimping tool to
do the job. Crimping tools must be matched to the size of terminal you are using. Some of them can
handle multiple sizes and are color coded to match the terminal color.
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The second type of screw terminal has a pressure plate under the screw. On
this type you only need to strip about ¼” of insulation off the end of the
wire and insert the bare end under the pressure plate and tighten the screw.
Again you need to be sure the wire gauge it will handle matches the gauge
of the wire you are using. This type of screw connection is much easier to
use and doesn’t require crimp-on terminals or special tools.
But sometimes we need to join two wires end to end or make a T connection to tap
a wire off of another or join multiple wires together. MAR connectors are probably
the easiest and cheapest way to do this. To use a MAR connector, strip about 1/2”
of insulation off the end of your wires and then twist them all together clock-wise.
Then simply twist the MAR connector on to the twisted wires. It will hold them
together and provide insulation for the join at the same time. MAR connectors must be matched to
the size of wire you are joining. They are color coded as follows: GREY AWG 22-16, BLUE AWG 22-14,
ORANGE AWG 18-14, YELLOW or RED AWG 18-10. Obviously there are limits as to how many wires
can be joined in one MAR connector.
If you only need to join one wire to another end to end, one of the best ways
is a crimp on butt connector. These are color coded the same as crimp on
terminals and you can use the same tools to crimp your wires in place.
Quick splice connectors or suitcase connectors were
developed for the automotive industry, but have
become popular amongst model railroaders for ease of use in making a T
connection. No wire stripping is needed. No special tools are needed. You
simply insert your through wire and splice wire, close the cover and squeeze
shut. Of course, you must match the connector size to the wire size. They are
color coded as follows: RED AWG 22-18, BLUE AWG 16-14, YELLOW AWG 12-10.
Then, of course, there is the good old solder connection. Solder connections
are very versatile and are not limited to specific wire gauges. The best way
to join wires with a solder connection is to first twist them together, then
apply solder and then insulate the connection using heat shrink tubing or
electrician’s tape. You will need a suitable soldering iron or soldering gun.
Make sure the solder is well melted to avoid getting a cold joint, and always
use rosin core solder for electrical connections.
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24. Multi-wire Connectors
Sometimes you need to make wire connections that can easily be undone
and re-done. This may be useful for connecting modules together, or
mounting control panels so they can be unplugged and removed for
maintenance. There are a wide variety of plug/socket connections
available. For most model railroad uses, we are interested in power
connectors capable of handling anywhere from 1 to 10 amps.
Plug/sockets come in sizes from a single pair up to 15 pair and more.
Make sure the plug/socket you select has the right number of connections and the right amperage for
the task.
25. Track Connections
Track Connections also need to be addressed. First we will address wire to track connections.
Soldering is the best way to attach a wire to a rail. Never attach the wire to the inside of the rail as
this will interfere with wheel flanges and cause a derailment. Most people attach the wire to the
outside of the rail, although if the sight of a wire soldered to the rail bothers you, some people attach
the wire to the underside of the rail. Because of the smooth exterior finish of rails, it is highly advised
to roughen up the area of the rail to which the wire will be soldered. This
can be accomplished with sandpaper or lightly using a cutoff disk at low
speed in a moto tool. (Always wear eye protection when using a cutoff
disk in a moto tool.) When soldering, the rail will get hot and plastic ties
can melt and change the gauge of the track also causing derailments. Use
a soldering iron or gun that is hot enough to melt the solder quickly so you
can get in and out before melting ties. You can also use metal heat sinks
on either side of the solder joint to keep the heat from spreading down the rail too far. Always use
rosin core solder for electrical connections. When done, run a chisel blade in an Xacto knife down the
rail top to remove any solder or flux which may have been deposited on the rail surface.
Second we need to address rail to rail connections. There are brass or nickel silver rail joiners which
slide over the ends of the two rails being joined. These keep the rails in alignment and also pass
electricity from one rail to the next. To be effective, rail joiners must be kept tight.
Soldering them is NOT recommended because it eliminates the ability of rails to
expand and contract with temperature changes and can cause kinks or changes
in gauge. Insulating rail joiners are also available where you may not want power
to be passed between rails. However, it must be said that rail joiners are not the
best way to pass power between rails, because over time they can work loose
and the electrical joint is compromised. A much better way is to run a bus wire under the track and
drop a feeder off each rail to the bus.
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26. Documentation
Wiring Lists: Good documentation is important. For small layouts, suitable color coding may suffice.
But as layouts become larger, it is advisable to run wires through terminal blocks. Each terminal block
should be numbered and each wire labeled as to which terminal on the terminal block that wire goes
to. An Excel spreadsheet is useful for documenting wires. Following is an example of what I use. An
(*) indicates a change since the last revision. The columns indicate Panel Number, Terminal Block
Number, Terminal Number, Wire Color, Wire Connection on Left Side of Terminal (From), Wire
Connection on Right Side of Terminal (To).
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Schematics: Sometimes schematic (picture) diagrams show how equipment is wired up. These are
important when things get complicated. Here is an example of a switch machine schematic from my
layout. The numbers in boxes link to
where the wire comes from. For
example, TB6-1-4 indicates this wire
connects to Panel 6-Terminal Block 1Terminal 4 and is a Yellow wire. This links
it to the wiring list. It is shown connecting
to the common terminal of DPDT
(Double Pole/Double Throw) Relay RRL08 (Gray Background). The coil of the
relay is connected to TB6-6-4 and Layout
Neutral.
The squares with numbers indicate the
switch machine terminal block (TBT-8)
terminal number (1 through 12). This
would be mounted near the switch
machine and allows the switch machine
to easily be disconnected for
maintenance.
You will also notice Red and Green
diodes in pairs. Each red/green pair
represents a 3 terminal bi-color Light
Emitting Diode (LED) used for indicators
in a control panel or track signals.

27. Safety
Now before we go too much farther, we need to consider safety. There are four things I want to
discuss today – some of which have already been touched on.
28. Personal Safety
The first is personal safety from shock or electrocution. Electrocution is defined as death or severe
injury by electric shock. The human body is a conductor of electricity. The amount of current that will
flow through a human body is a function of the body’s resistance and the voltage being applied.
Remember V=IR or I=V/R. The resistance of a human body is a function of path and conductivity. A
shorter path, say between two fingers, will have lower resistance than a longer path, say hand to foot.
Since water increases the conductivity, a wet or sweaty body will conduct electricity better (have
lower resistance) than a dry body. Wearing gloves and suitable shoes will also decrease the risk of
electrocution by increasing the resistance. The path that the electrical current takes through your
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body is also an important factor. High current flowing through the heart or lungs can cause death.
Fortunately, for model railroaders, the voltages we are dealing with (12-18V) are not dangerous and
the most we will feel is a slight tingle. But when you start working with high voltages (120V and above),
you need to always be aware of potential dangers and take appropriate precautions. If you are not
comfortable working with higher voltages, leave this to someone who knows what they are doing.
29. Damage to Equipment
The second safety factor to consider is damage to equipment. It has already been pointed out that we
must match the rated voltage of a load and the supplied voltage. Model train wiring, because of its
low voltage, is not subject to the Canadian Electrical Code. But 120V wiring is. Applying 120V house
voltage to the low voltage side of your model railroad would cause all your lights and LEDs to burn
out and perhaps explode. Motors would burn out and maybe even fly apart. DCC decoders would be
totally destroyed. Switch machines would burn out. One simple misconnection could cause huge
amounts of destruction to your model railroad. So be careful. Now, you might say, I’m not that stupid!
Well, some people run low voltage model train wiring near line voltage wiring. Don’t do it! An
unintentional accident may sever the wires or strip the insulation causing line voltage to get onto your
layout wiring. Legally, you must maintain a suitable distance (6” minimum) or have a suitable barrier
between the two (e.g. run the line voltage in a metal conduit). So, I say again, be careful.
30. Fire
The third safety thing to consider is fire. Fire often results from putting too much current through too
small a conductor. You need to match the conductor size to the current pull of the load. But remember
the short circuit we talked about earlier? A short circuit can cause an abnormally very low resistance
which can in turn result in an abnormally very high current, causing
the wiring to overheat or the power supply to overheat. Remember
V=IR or I=V/R? Short circuits can be caused by faulty motors, poor
insulation between conductors, derailments, placing metal objects
across the rails, etc. To protect our layout from fire, we need to limit
the current flow during a short circuit. We can do this in several ways. The easiest is to use a fuse
which blows when its rated current is exceeded. If your load contains sensitive electronics – like a DCC
decoder or booster – you should use a fast blow fuse. But fuses are not very convenient because once
they blow, they have to be replaced. A circuit breaker is a mechanical or electronic device that opens
the circuit when its rated current is exceeded. Again, if you are protecting sensitive electronics, you
need a fast-acting breaker. Breakers just need to be reset when the short is removed. Some breakers
are auto resetting. Many of today’s modern power supplies have built-in circuit breakers or are
current limited. “Current Limited” simply means the output current is electronically regulated to stay
within the safe limits of the power supply. Regardless of how you do it. You do need over current
protection on your layout.
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31. Bad Connections
Another source of fire is bad connections. A poor connection can produce an abnormally high
resistance in a very small area. Heat is generated at the connection
and fire may result. Fuses, circuit breakers and current limiting will
not help with poor connections. You need to find it and fix it. Better
yet, make good connections in the first place. Make sure solder joints
are good, wires are properly connected, rail joiners are tight. Don’t
take shortcuts. Always do it right. And always have a fire extinguisher
handy in the layout room. Use an ABC type and know how to use it. Never, never use water around
electrically caused fires.
32. Master Shutoff
Lastly, we need to consider easy and quick shutdown of your layout. In the event of an electrical
emergency or fire, the first thing you should do is kill the power. Make sure you can easily and quickly
kill the power to your layout. You should have one master shutoff which shuts everything down. Make
sure the shutoff is easily accessible. On large layouts, it may be advantageous to have multiple master
shutoffs so you can kill the power to the layout from various locations.
33. Tools
Finally, we need to consider some of the basic tools you will need for wiring your layout as well as
some recommended tools for testing circuits. As always, it is important to use the right tool for the
job. Never take shortcuts.
34. Wire Cutters
The first and most basic tool is a wire cutter. There are lots of different ones
available. For model railroading, you don’t
need anything very expensive for ordinary wire
in the 14AWG and finer range. In fact, many
pliers also have a built-in wire cutter. Wire
cutters with a longer handle are easier to use on heavier wire. However, it you
are cutting specialty cables, such as telephone cables, you need a specialty
cutter. Often these are built into the same tool as is used for crimping connectors to the end of the
wire. Always use the right tool for the job.
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35. Wire Strippers
The second basic tool is a wire stripper. This is used to strip insulation off the
end of a wire. Different types are available – some have
built in wire cutters. Each will have a range of wire sizes they
can be used for. For model railroading you should be able
to strip in the 14AWG to 30AWG range so you may need a
couple of strippers to cover the whole range. Never use a
knife to strip wire. Always use the right tool for the job.
36. Crimpers
The third tool is a crimper. Crimpers are tools made to attach a terminal of
some sort to a wire using pressure. As we discussed earlier, crimp-on
terminals come colour coded for the sizes of wire they handle: RED AWG 2216, BLUE AWG 16-14, YELLOW AWG 12-10. Most crimpers will handle all
these sizes and are marked with a coloured dot beside the slot you should
use.
Crimpers are also made for attaching multi-wire connectors, such as 4, 6, or 8
wire telephone connectors. Some crimpers handle only one size cable whilst
others may handle two or more sizes.

37. Soldering Equipment
Next we need to talk about soldering equipment. This could be a subject almost unto itself. But
generally soldering equipment falls into one of three categories: Soldering Irons, Soldering Guns,
Resistance Soldering.
Soldering Irons come in a variety of wattage ratings and can have a number of
different tips. Soldering irons take a while to get up to temperature and are good
for small to medium sized jobs. Fine tips are especially good for soldering
printed circuit boards.
Soldering Guns heat up almost instantaneously and can have a number of
different tips as well. Soldering guns are good for medium to larger jobs where
more heat is required. They are especially good for soldering wire to track
where you need to apply a lot of heat quickly to avoid melting plastic ties.
Resistance Soldering Units use a high electrical current passing through two
items to be joined. The resistance of the joint coupled with the high
current passing through it produces heat. They are good when building
brass models because they produce extremely localized heat quickly. But
they are difficult to adapt for electrical work and are not recommended.
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38. Measurement
There eventually comes a time when you just need to measure
something to help understand what is happening in your circuit.
The most common things to measure are DC and AC Volts, DC
and AC amps, Resistance (ohms), and continuity. To do this you
need a Digital Multimeter that allows you to measure at least
these things. However, depending on how far you want to go
with your electrical circuits, you can purchase Digital
Multimeters that also measure diode polarity, transistor gain,
frequency, capacitance, noise level, temperature and light
levels. I’m not going to go into how to use a DMM. Suffice to
say, get what you need and can afford. Then learn how to use it
properly. You will find it indispensable.
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