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The Main Power Bus is connected to the Command Station Booster

Power to run our model locomotives has to lteop the rails or track from the
Command Station or Booster. We use wires to &) #s the interface or connection
between the Booster and track. Since the DCCsyatl®ws for controlling multiple
locomotives individually on the same piece of tragk do not need to separate our
wiring into "control blocks" as we have done whaimg DC control. (Don't confuse the
“"control block" wiring that previously used toggeitches, with DCC block type wiring
or Power Districts, which will be explained as weajong.) This makes the task of
wiring our model railroad layouts simpler. HoweMeecause the DCC system is capable
of providing more current to the track than our DI@ system, the size of the wires used
in various places is different.

The key to insuring that the wiring on anydayis correct for a DCC system is to
perform and pass, a shorting test, also calledQ@uarter test”. All DCC Command
Station Boosters have built in current protectitfithe current protection device, usually
an electronic circuit breaker built into the uwibes not trip and turn off the track power,
the wiring is not sufficient in conductor size. eltest then, is to place a Quarter on the
track at various places around the layout andfdée circuit breaker trips and shuts
down the track power. So what happens if the girsntoo small? If a short occurs on
the layout, the small wire size will not allow emgbucurrent to flow from the Booster to
the short, and the circuit breaker will not tripdamill not stop the current flow. If the
current flow does not stop, it is possible to noeldtamage some parts of whatever is
causing the short, or if left on a long time, bthra insulation off of the wires, which in
turn may cause a fire. For that reason, it is irtgra that the wiring be of the right size
(or larger) and be done correctly.

Different size layouts have different wiringads. However, all layouts required a
Main Bus of some type. This bus is actually themtiaink line and is of heavier wire
that runs under the layout and starts at the Cordriséation Booster and usually follows



the track around the layout. If you have a snaglblt that has a circle of track, do not
connect the bus together at the ends to make a latso, do not connect the track
together electrically to make a loop. Insulateghds of both rails with an insulated rail
joiner. The gaps both in the track and bus wighguld be at the farthest distance away
from the Booster. The reason that we do this caibse if the bus and track were in a
loop, the DCC signal could be corrupted becaussitireal coming from both directions
at the same time could cancel parts of the sigmalamd control of our locomotives may
become intermittent.

So the main question now becomes: "What sire do | need for My power bus?"

Power Bus Wire Size

Small layouts can use smaller wire. That dbesean telephone wire, which is 24
gauge, or AWG 24 (American Wire Gauge). That mseamnaller than AWG 12.

(Typical modern house wiring is three conductorsaiid AWG 12 in a cable called
Romex.)

A small layout, which is 8 feet by 12 feetsonaller can use 16 gauge wire. Layouts
larger than this should use AWG 12. A layout thdltfit in a single car garage can use
AWG 12. A layout that fills a two-car garage cdsoause AWG 12, but should be
broken up into separate Power Districts, each thigir own Booster.

You may well ask at this point, Why such lavgee? Two main reasons. The larger
the wire, the less resistance. And, the largetayaut, the more locomotives we put on
it, thus the more current that is needed. (Thade the reason that some layouts need
separate power districts with their individual Bass.) Since current travels down the
wire, the longer the wire, the more resistance y@osee, if the wire size is large, the
resistance will be less.

Others have gone into great detail and techexplanations as to why the bus wires
should be a certain size, so | am not going toaefiem here. After all, this is supposed
to be a hobby. The rule of thumb is: If the lalydoes not pass the quarter test, and / or
the locomotives slow down when farthest away fram@ommand Station or Booster,
the wire size is too small, or you don't have eroiggders from the Bus to the Track.
(Smaller wire from the track to the Power Bus.)isTiow brings up another point. You
have the bus wires in place but they are too small.

How do you fix it short of tearing out the @grand replacing them? By running a
parallel set of wires of the same gauge or lar§ehen you add parallel wires, you
effectively increase the current capacity and redbe resistance. You are now using
two wires as one. When you run the second sefresywou do need to connect them to
the old wires (observing the polarity or phaset®y will not be shorted) at about every
three to six feet. There is a non technical rdil&Tbree" that can be used when running
parallel wires. If both wires are the same siag,AWG 16, subtract 3. You get 13.
Thus the two parallel AWG 16 wires are equal tingls AWG 13 wire.

Another factor to consider is, should the besolid wire or stranded wire. Again the
rule of thumb is, if the wire will be flexed, bewt; under vibration, use stranded wire. If
the wire will be installed and not be continuou$txed, it can be solid. Wiring in
buildings is solid, wiring in automobiles is straad

Because our Bus wires are usually AWG 12, asthcases they will not fit into the
track connections on most Boosters. If this isdage with the system you have, you will



need to connect a pair of smaller shorter wireséeh the main Bus and the Booster.
These wires should be as large as possible ahdtstito the Booster connection. AWG
16 will usually work. These wires should be sighas or less in length, and should be
soldered to the Bus wires, or connected to thetBusigh a terminal block.

Power Districts
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The purpose of a power district is to increthgepower on the layout tracks of a large
layout. One Command Station Booster is usuallyematugh to power a large layout as
found in a two-car garage or larger.

A Power District is an independent sectiohagbut bus wiring that is connected to or
powered by a Command Station or Booster. As aegaddently powered section, if a
short occurs in one power district, only that secof layout is affected. The remaining
section will still keep running.

My rule of thumb for the length of AWG 12 bwges for a single Power District is 25
to 30 feet from the Booster in one direction. hi Booster is in the center of the bus, the
bus can go in two or three directions, each 29tée8t long, at the same time. The
limiting factor in having this much wire in one PemDistrict is the number of
locomotives that will be present and running ontthek in the Power District at any one
time, and the current capacity of the Booster. sttsring that each HO locomotive with
sound will draw about 700 ma each when runningcérnotives with sound could be
running in a Power District that uses a 5 amp BmosBo the amount of wire, or length
of the Power Bus, is also dependant of the numblecomotives that will be running in
the Power District at any one time.

A large home or club layout may need to bedei into two or more power districts.
There are two types of Power Districts. One usssparate auxiliary Booster, and the
other uses Circuit Breakers. A true Power Distritk use a separate Booster. Power
Districts that are made by using Circuit Breakeesaalled Sub-Districts because they are
powered by the same Booster.



Sub-Power Districts

Power Districts that are made by using CirBuéakers are called Sub-Power Districts
because they are powered by the same main orawyxboster.

The purpose of a Sub-Power District is todkva layout into logical operating
sections. As an example, one sub-district could blassification yard, another could be
the engine facilities, and another could be thensiae. Or the layout could be divided
down the center with one Sub-Power District on side and the other Sub-Power
District on the other side. If a short would ocouany Sub-Power District, only that
district is affected. The short will not cause Wieole layout to stop working, just the
section with the short in it.

In the example of the Power District in th@wad section that had three legs, each 25
to 30 feet long, it would be better if it were te dtivided up into three Sub-Power
Districts, each with it's own circuit breaker ohet current limiting device in case of a
short on the track. The placement of the circteelkers would work best if they were
right at the output of the Booster, thus each Pd@uerleg would have it's own circuit
breaker or current limiting device.

- Circuit Breaker
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A Circuit Breaker can also be said to be aenirlimiting device.

Most DCC manufacturers make some form of QiiBteaker module or board for
their systems. These are designed to detect whatm®t there is a short on the output
or not. If a short is detected, it will disconnéwé power from the output or track. When
the short is cleared, it will reset or restore pogver to the track. There are third party
vendors that also have Electronic Circuit Breaker©CC systems. In most cases, you



can use an Electronic Circuit Breaker made by oaeufacturer, on another
manufacturers DCC system.

The Circuit Breaker typically has it's inpainnected directly to the output of a Power
Booster. The output is connected to the heavy@#agk power bus it protects.

Circuit Breakers can come in two or three ferndne type is strictly a fast acting
Electronic Circuit Breaker that disconnects onlg @ower leg or wire when a short
occurs. Another type is an Electronic Circuit Bkeathat disconnects both power legs or
wires when the output is shorted. And yet a thype is a Circuit Breaker that
disconnects power by closing or opening a relay.

Circuit Breaker boards or modules also vartheanumber of output legs they have, or
the number of sub-districts they can be conneded hey usually range between one to
four. Some Circuit Breaker boards are also desigog@rovide some form of feedback to
the operator. The feedback can be LED's thatregib@ut, or illuminate, when a short
occurs. Some even will provide a line, connectaplug to provide status information
to a remote location or even a computer interface.

- Alternate Current Limiting Device
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An alternative to a circuit breaker is an aubtive tail light lamp. Typically, the
number 1156 lamp is used. As stated before, tjeebbf any current protection device
is to remove or limit the current supplied to toeirce. The 1156 lamp would be wired in
series in one leg or wire coming from the Boostet eonnected to one power district leg.

The way that it works is as follows: If theseno short and no locomotives on the
track, the bulb will not have any current through\WWhen a locomotive or two is on the
track, a small amount of current (and DCC signall)flew through the bulb. Since the
current is low, the filament will not heat up arldw, thus the resistance of the filament
will also be low, allowing current to flow. If dert occurs, the full current from the
command station or booster will flow through thdéthbuwhen that happens, the filament



will heat up and glow, lighting the bulb. Whenthappens, the resistance of the
filament increases because all of the power isgoesed to light the bulb. Thus little or
no power is available to do damage to the arearwatise short.

Track Feeders and Soldering Rail Joiners - Thet gielaate

Track feeders are the wires that connectrdektto the Main Power Bus. They are
smaller wire than the main bus wires. They haveetbecause they have to be soldered
to the track rails. You want them small, to a poso they don't show. The smallest wire
that | recommend is AWG 22. The shorter they e better. You can get away with
AWG 20 if you are using code 83 or larger rail aise the solder sparingly. You don't
want a big glob because it will show. We do wanhitde our feeders if at all possible,
because if you see wires connected to the traekllituin the illusion that our railroad
isn't real. And that is our ultimate goal whenltig our model railroads. In the photos
and videos that we take, we want the viewer toktbiat it is a real railroad and not a
model.

The number of feeders used and their wireisizedebate in the DCC community that
is always being discussed, debated, and argued.

- Wire size

| say AWG 22 is adequate for a short feed@stance is relative. Again, the longer
the wire, the higher the resistance. AWG 22 wsreapable of carrying 5 amps. The
problem is that some modelers think a "short" feeslevo feet long. If you want to run
your track feeders two feet before they are sottleveéhe power bus, use AWG 20.

- Number of Feeders in a given length of track

| say every six feet is good. But, it doepatal on how many locomotives that you
run in a consist. | usually run one or two locowved consisted together. My track
feeders are AWG 22 and six feet apart, if notteelmore. | also solder my rail joints.
So far | have had no problems.

- To Solder Rail Joiners or not to Solder

Our track rails are electrical conductorsedglical conductors should be soldered. On
the other side of it, our track is a structure um kayouts, and it expands and contracts
with temperature, so some gaps must be left otréto& will buckle. So a trade off is
required. This trade off starts with where yourdalarailroad is located, and what kind
of temperature changes it will go through duringear. The larger the temperature
change, the more you must insure that you haveuadegaps. Gaps at every six feet
should be adequate for most temperature changesythking else in between (all
joiners) can be soldered.

What happens if you don't solder rail joinefg®st rail joiners will pass current when
we first install them, but once we add scenerylzalthst, and holding it down with water
and glue, they have a tendency not to work as Wi¢iere is a trade off. If you don't
solder your rail joiners, in order to insure a &addectrical connection you should
probably do one of two things. Solder a feedeewery piece of rail, or, solder an AWG
22 jumper wire from one rail section to the otheuad the rail joiner. Having said that,
most modelers probably don't do either of thesegghand most probably won't have




problems. Some will.

Rail Joint with gap, rail joiner, and jumper wire

- Rail Gaps
OK, so what is a gap? For expansion and aotin purposes, a gap occurs at a

normal rail joint that is not soldered, and a smgafp or space (about 0.005 to 0.010 inch
or the thickness of an index card) is betweenwlerail sections when the temperature
is warm. This type of gap is not the same as ectrétal gap that is insulated, although
insulated electrical gaps can be used for exparnmigposes.

- The track Feeder System

From the information above, you can see thatK Feeders can be a system all it's
own.

Now let me tell you that | am an Electroniechnician and have been working in the
field for more than 40 years, and a model railroddemost of those years. Here is what
| do. | solder my rail joiners. | have some surgap every six feet, either and expansion
gap or an electrical gap for a block. | soldeeb@WG 22 feeder wires in the center of
each six-foot section of track. The feeders amtshThey get soldered to the rail, go
down to the bottom of the sub-roadbed, and areddrmto a small loop. Because of this
they are about one inch long. Then | solder an A¥8Gnsulated wire from the loop
formed in the AWG 22 feeder to the Power Bus hdf track section is part of a block that
will be detected electronically, the wire used frtma feeder is AWG 16 and runs no
longer than 14 feet to the detection board. Séliave not had any problems.

So as you can see, there several ways tdatatrun feeders, and most will give you
good performance. One thing to remember. Wirgzsanallel will reduce the resistance
and increase the current carrying capability. f§ou wire things differently and your
locomotives seem to slow down, add more feeders.







