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INTRODUCTION
TO DCC

What is Digital Command 
Control, or DCC?  Before we 
can answer that question, it is 
worthwhile to step back to the 
way model trains were originally 
controlled, that was by direct 
current (DC) power. 

DC Control
Direct Current, (DC control) is 
the most basic form of control 
for model railroads.  A variable 
voltage is created by the power 
pack and transmitted to the rails.  
The locomotive is provided with 
power pickups on the wheels and 
directly connects a DC motor to 
that power supply.  The motor 
runs faster or slower, simply 
by increasing or decreasing the 
voltage to the tracks. This works 
great with a single engine, but 
what if you want to run more 
than one train at a time or 
maybe one going in the opposite 
direction? To do this, sections 
of track have to be insulated 
from each other, and electrical 
switches installed so the current 
to each can be turned on or off as 
needed. While multiple engines 
can stay on the layout, without 
power, only one train can still be 
run in each section at a time.
To control more than one train, 
additional power packs could be 
bought and wired to the tracks, 
allowing operation of two trains 

with two separate controllers.  
Trains that are to be operated 
independently have tracks that 
have selector switches (often 
called block switches) that route 
the power from the throttles to 
the track that has the train we 
want to control.  For many model 
railroaders this DC operation is 
still a control mainstay.  

The Roots of DCC– 
A Little History
A dream extending back to the 
early days of model railroading 
is the ability to control 2 (or 
more) trains on the same length 
of track without the manual 
or automatic control of blocks.  
However, the technology was 
simply not there to allow this 
to be done affordably by the 
average hobbyist, nor was the 
technology small enough to fit 
into the average locomotive.  
Things started to change in the 
80’s when pioneering hobbyist-
engineers developed circuitry 
that could “impose” a signal on 
top of the track power.  This 
signal would be generated by 
a controller and picked up by 
circuits within the loco, feeding 
a regulator that powered the 
locomotive motor.  Bulky at 
first, these systems grew in 
complexity, including moving 
from analog signals to digital, 
and increasing the use of on-
board microprocessors to decode 
the signals.  At last, trains could 
be run independently, without 

being tied to the throwing of 
block switches.
However, the systems 
were not standardized and 
equipment could not be run on 
competing systems.  The model 
railroad community, through 
the cooperation of several 
manufacturers and the NMRA 
(National Model Railroad 
Association), addressed this 
issue in January 1994 when 
the DCC standard protocol 
was established.  It defined 
the “language” that command 
station and decoders would use 
to communicate. This would 
allow equipment from one 
manufacturer to be compatible 
with others.  Note that this did 
not define how the controller 
itself would operate, so the 
‘command bus’ on most systems 
are not compatible.  But the 
equipment on the track could 
be run together.  And this was 
an accepted standard, which 
provided a means whereby 
decoder equipped locomotives 
of different manufacturers 
could run together on the same 
model railroad. Each decoder 
is assigned a unique address 
that allows it to be discretely 
controlled by the DCC Command 
Station and Booster. Trains could 
finally be run together, on the 
same track at the same time by 
different people, allowing for 
the opportunity to have classic 
cornfield meets!

A Guide to DCC
– OR –

How to add more       to your railroad!
Reprinted Courtesy of Model Rectifier Corporation
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 This article is designed to 
provide a basic understanding 
of the background, components, 
systems and operations of DCC 
(Digital Command Control) for 
use on model railroads. 

 While it is fairly complete, 
keep in mind that it is intended 
to serve only as a basic preamble 
to the subject.  Once familiar 
with the elements, you’ll have 
the opportunity to dive deeper 
into the design and operation of 
all of its elements. 

 At the same time, DCC 
has been designed to be 
fundamentally simple in its 
implementation.  DCC can 
enhance the enjoyment of model 
railroading without requiring an 
electrical engineering degree.
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DCC Today
As the technology continued 
to develop, decoders within 
the locomotives became more 
sophisticated enabling multiple 
functions, including generating 
sounds, providing unique 
lighting and even transponding 
vital data back to the controller.  
With the advent of more complex 
DCC decoders, manufacturers 
have had the opportunity to 
provide additional features to 
the DC control community as 
well.  Some decoders are now 
available that recognize whether 
the track power is DC or DCC 
and instantly adapt.  If DC, it 
switches over to using the DC 
voltage to control the motor 
while operating things like 
lights and sounds based on some 
default programming.  If DCC is 
detected, the decoder looks for its 
commands to come through the 
DCC signal on the tracks.

BUILDING BLOCKS 
OF A DCC SYSTEM

One of the things that can make 
DCC seem daunting is the 
terminology.  Most modelers 
understand the idea of DCC 
and the idea that a decoder is 
needed in each loco.  But when 
terms like “Command Stations,” 
“Boosters,” and “Circuit 
Breakers” are mentioned it can 
be confusing as to how they fit 
together.  What’s more, often 
manufacturers will incorporate 
one or more of these into a 
single unit.  So what you may 
be looking at could appear to 
be different than what someone 
else might be looking at.
To understand all these 
elements it is probably best to 
look at each piece separately.

Command Station
The command station (console) 
is truly the brain of the system.  
It contains the microprocessor 
that translates the signals 
from the throttles or controllers 
into digital commands. These 
commands are fed onto the 
tracks for the mobile and 
stationary decoders to decode 
and do what they need to 
do.  This includes sending 
commands for each address to 
the layout for speed, direction 
and functions.  The command 
station also, in some cases, 
keeps track of consists of locos 
and some even offer 2-way data 
communications.
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is truly the brain of the system.  
It contains the microprocessor 
that translates the signals 
from the throttles or controllers 
into digital commands. These 
commands are fed onto the 
tracks for the mobile and 
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keeps track of consists of locos 
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Boosters
The processor inside the 
command station is not powerful 
enough to actually drive 
locomotives.  That is where the 
booster comes in.  Boosters take 
the command signal from the 
command station and “boost” it 
to be able to provide both data 
and power to each decoder. In 
effect, the booster is not simply 
a power supply, it also boosts 
signal strength.  Boosters can be 
either integral to the command 
station or they can be separate. 
For instance, some systems 
combine command station and 
booster in one. This is one area 
where confusion comes in.  Some 
owners have two “boxes” while 
others have one.  Just keep 
in mind there are 2 functions; 
whether or not they are in one 
or two boxes is in many ways 
irrelevant.
Furthermore, as the layout 
grows, the power demands may 
outstrip what the command 
station booster can provide.  
When that happens, it becomes 
necessary to add boosters.

Circuit Breakers
While not necessary for DCC 
operation, circuit breakers are 
a very good idea.  A booster can 
put out anywhere from 1 to 10 
amps of power.  When a short 
occurs on an unprotected DCC 
layout, all the booster power 
feeds that short.  When that 
happens, two things take place.  
One is all the power is lost from 
the layout, stopping everyone 
on the railroad.  The second is 
all that power is directed into 
one small area.  A short through 
a locomotive or even its trucks 
can easily melt side frames and 
smoke wiring.  Most boosters are 
equipped with internal circuit 
breakers to interrupt the flow of 
current into the layout should 
a short be detected.  However, 
as a booster’s  power level goes 
up, so does the possibility that 
a short will occur that does not 
exceed the booster’s capacity, 
yet is enough to cause damage.  
For these situations, it is wise to 
break up the layout into sections 
fed by separate breakers.  These 
will interrupt current flow at 
a much lower level than the 
booster, thereby protecting each 
section.  It also allows other 
operators to continue to run 
when one section has a short.  
Breakers can be bought or set in 
a variety of ranges, but a range 
of 3-5 amps is typical.

WHAT’S BEST FOR YOU… 
DC OR DCC?

So what control system is right for you?  It depends what your needs are?  What are your preferences?  
What are the goals of your railroad?  Perhaps you have a large fleet of DC locos and don’t really care to 
convert them to DCC.  No worries.  DC power packs are better than ever with wonderful motor control 
features.  And most DCC equipped locomotives today have dual mode DC/DCC decoders, so you can still 
enjoy the benefits of sound and fantastic lighting effects.  There are also hybrid controllers that allow you 
to access many of the DCC functions on a DC system.  These basically superimpose a signal on top of the 
DC signal to force the decoder to respond to unique commands.

Or perhaps you would rather not have to worry about block switches when running or you like the idea 
of having multiple trains, dozens in fact, on the same track.  In that case, DCC is the way to go.  DCC 
simplifies wiring, and allows your operators to run the trains, not the track.  You can park as many locos 
on a section of track as desired, without regard to isolating sections of track.  Older locomotives can be 
retrofitted with new, state of the art decoders that will squeeze remarkable performance out of even 
these older motors. 

Looking to get into the hobby but not sure what you need?  Visit your local hobby shop.  Find out if there 
is a Model Railroad club in the area.  Maybe you know of a friend who has a system.  Ask.  Try them out.  
Find out what best meets your needs then dive in.  It really is fun.  Whatever you decide, this is the golden 
age of model railroading, with features that were only dreamed of a generation ago.  It is one of the most 
rewarding and exciting hobbies available.

A basic DCC installation allows 
independent two-train operation 
using only a pair of wires 
connected to the track.
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Three Major Components
of a DCC System
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Putting It All Together
As was previously mentioned, 
these components may or may 
not all be in the same physical 
enclosure.  Some of the smaller 
systems can have all the 
components literally in a single 
hand-held unit.  Others provide 
all the functionality in a base 
station that looks much like the 
traditional DC power pack.
More flexible systems tend to 
have individual components 
and it is up to the layout owner 
to find suitable locations for 
each part.  The boosters and 
command station generally will 
not need regular access and can 
be located out of the way.  Many 
times, owners will provide a 
shelf under the layout for these 
electronics.  Cables that lead 
to the controllers, or wireless 
transceiving components can be 
attached to the command station 

to connect the controllers to the 
DCC system.  Track bus wiring 
can be easily routed to the 
booster as well.  This also keeps 
the electronics out of the way 
and protected.
While not all systems come with 
handhelds, those that do are 
either tethered or wireless.  If 
tethered, the handheld units 
will need to be easily accessible 
by the operators.  In some cases, 
it may be preferable to provide 
multiple jack locations around 
the layout to allow tethered 
units to be relocated depending 
on where the action is.  Of 
course, wireless controllers are 
wonderful since they do not 
need any cabling back to the 
controller while in use.  Some 
systems do require the wireless 
unit to “capture” and “release” 
the DCC address, but will 
probably not require as many 

jacks as a tethered system.  It is 
nice for the layout to be equipped 
with throttle holders which are 
pockets or shelves to store both 
tethered and wireless controllers 
when not in use.

SELECTING
A SYSTEM

Defining Your Needs
Possibly the hardest part 
of going from DC to DCC is 
selecting a system.  A brief web 
search on DCC systems will yield 
a massive number of options.  
There are several manufacturers 
of DCC systems, and most 
manufacturers offer several 
systems.  Making a selection 
can be daunting!  This section 
is intended to provide some 
guidance in choosing a DCC 
system.
When reading through this 
section, keep in mind that DCC 
manufacturers are, in general, 
providing good products to meet 
a specific need.  There is no right 
answer for everyone, and most 
manufacturers are reputable 
and provide good products.  
The question comes down to 
matching the DCC system you 
choose to your needs.  Defining 
your needs will help make the 
selection process easier and give 
you more confidence in your 
purchase.

Points to Consider When 
Selecting a System
There are many aspects to 
a DCC system.  Some of the 
features may or may not be 
important to you.  Sometimes 
only a few systems have the 
features you want.  Developing 
a matrix to identifying these 
features is a good way to clarify 
your needs and develop a 
means of making a trustworthy 
selection.
Some key decision drivers 
that should be considered in 
purchasing a DCC system are 
listed below.  Of course, some 
of these elements may not be 
important to you.  And there 
may be criteria not listed below 
that you may want to add.
Ease of Use – Does the basic 
functionality of the system allow 
you to work on it yourself?  Some 
systems require a fair amount 
of understanding to get the full 
potential out of the equipment.  
However, these systems often 
provide the option of more 
customization of functions.  If 
that is something you want, 
are you willing to learn what it 
takes to do that? Before buying 
a system, look at the online 
manuals. You’ll find some, 
while being user friendly, also 
deliver all the most-wanted, 
sophisticated features.

Power capacity – Are you looking 
to power a small branch line 
with one or two horses in the 
stable, or are you modeling a 
heavy use mainline with dozens 
of engines on the main and in 
the roundhouse?
Expandability – Does the system 
provide flexibility to grow 
with your plans allowing you 
to expand your layout in the 
future or invite more friends to 
participate?
System Setup – Some DCC 
systems are complex.  They may 
have many features that are 
desirable.  But before diving 
into such a system, consider 
how complex it is for you to set 
up.  Do you have an interest in 
learning programming?  Decide 
how much you really want to learn 
about these kinds of systems.  
Alternately, you may have a good 
friend who has gone through the 
learning curve and is willing to get 
you set up.  That could influence 
your decision as well.  Keep in 
mind that at some point it is likely 
you will have to learn all the ins 
and outs of your system.
Programming on the Main –  
Most modern systems offer 
this.  It allows you to program 
a mobile decoder while the 
locomotive (or any rolling 
stock) is actually on the main 
operating tracks with other 
DCC equipped rolling stock.  
Historically decoders had to be 
programmed on a programming 
track.  Programming on the 
programming track is done in 
“service mode” or “broadcast 
mode,” meaning the controller 
will broadcast the programming 
message to all decoders on the 
track.  If this were on the main, 
it would reprogram all your 
decoders.  Programming on 
the Main (or POM) is address 
specific and allows you to set up 
decoder configuration variables 
without needing to move or 
remove the loco from the layout.  
Some systems have a fairly easy 
method of POM while others are 
much more involved.  Test them 
out and see what works best  
for you.
Access to Functions – Most 
modern decoders have up to 
10 functions, and many have 
28.  Lighting effects, sounds, 
brakes are all features on the 
decoder.  Can the DCC system 
access them all?  Some systems 
can only access 10 or 12.  NMRA 
standards allow up 28 functions.  
How difficult is it to get to those 
higher functions?
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Consisting – Particularly if you 
like multiple unit diesel powered 
trains, some systems have the 
ability to consist easily and 
reliably. This makes the system 
so much more fun to use.
Boosters – Does the 
manufacturer of your system 
provide additional boosters if 
needed to help you increase the 
power available to your system?
Accessories – Accessories like 
circuit breakers and stationary 
decoders are often generic.  But 
there is an advantage to staying 
within one manufacturer’s line 
of products.  You’ll know that 
all the components, including 
boosters, breakers, and decoders 
are compatible.
Handheld Ergonomics –  
Each manufacturer has their 
own controllers.  These are 
not interchangeable, so the 
ergonomics, the way the 
controller operates and feels in 
your hands, will be limited to 
what the manufacturer offers.  
Does the throttle feel good in 
the hands?  How heavy is it?  Is 
the display easy to read?  Are 
the controls intuitive? Are the 
buttons easy to operate and their 
functions easily understandable? 

Wireless Controllers – This 
is a great feature.  Once you 
have become untethered from 
the layout, model railroading 
becomes a lot more fun.  No 
more hassling with reaching 
something with a cable that is 
just a little too short.  You can 
follow your trains around the 
layout and pass people without 
having to reach around other 
users and their controllers. 
Model Railroad  
Community – Possibly one of the 
biggest drivers in selecting a 
system is simply knowing what 
your friends or fellow operators 
use.  Sharing the knowledge 
base, help trouble shooting and 
even sharing of throttles or 
controllers is often a driver to 
use a system that is popular in 
your area.  That said, be careful 
of just going with a system that 
everyone else is using if it does 
not meet your needs.  
Features – While often 
overlooked, don’t underestimate 
the value of features.  Many 
times a new buyer will look 
only for the basics, only later to 
learn of a feature they really like 
but missed. The good news is 
some makers sell units that are 
upgradeable.

Here are some that bear 
consideration:

Handheld control of 
accessories and routes: This 
allows direct connection to 
stationary decoders from the 
handheld.  Some systems will 
allow you to set up “routes” 
where multiple accessory 
decoders can be operated with 
a single command.
Fast clock: Real railroads run 
on a schedule.  Maybe you 
will want to do the same.  A 
fast clock can be included 
in a DCC system. A fast 
clock compresses time for 
model railroad timetables 
making your railroad run 
more realistically, more like a 
prototype.

Price – Most times this is the 
first consideration.  But consider 
the aforementioned elements 
before just looking at the price.  
The cost of a DCC system is 
significant.  However if you 
consider the cost of locomotives 
and decoders, the difference in 
cost between 2 systems may 
only represent the price of a 
few pieces of rolling stock one 
way or the other.  The DCC 
system is a fairly hefty one-time 
investment, so consider spending 
a little more on getting what 
you need, allowing for potential 
future growth while not breaking 
the bank.  Keep in mind, some 
systems are designed to be 
upgradeable when you are ready.

Operating many trains in congested areas like stations is very easy with DCC. No complex array of electrical switches is needed. 
You can even control decoder-equipped turnouts with your DCC throttle. Models and photo by Cliff Powers
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Designing for Growth
As layouts grow there are a 
couple of options.  If you know 
you will be growing the layout, 
it is often wise to go ahead and 
invest in a more powerful system 
up front.  Providing breakers 
and creating protected sections 
of track will keep the equipment 
safe.  As the layout grows, or 
if more locos are added to the 
stable, it is possible a large 
booster will get tapped out.  In 
these cases, your layout can be 
set up with multiple boosters.  
This is called creating “power 
districts,” where different 
boosters will power different 
parts of the layout.  Within 
each power district, breakers 
will protect different sections 
of track.  Note that both rails 
will have to be gapped between 
power districts since the power 
is coming from different sources.  
Also, the boosters will have 
to be “in phase” at the gap.  If 
they are out of phase, a crossing 
locomotive or car will get the full 
wrath of short circuit current 
from both boosters!  Always 
check before running something 
across the gaps.  If the voltage 
between adjacent rails is nearly 
zero, then you know the rails are 
in phase.  One thing to keep in 
mind is that boosters of different 
manufacturers may use power 
electronics that are different in 
design from each other.  This 
can create some phase shifts in 
the power going to the layout, 
creating serious problems at the 
gaps between power districts.  It 
is best to have all your boosters 
from the same manufacturer, or 
at least confirm compatibility.  
Note that you only need one 
command station on any DCC 
layout.  All the boosters will get 
their information from the one 
command station.
With abundant, reliable power, 
you will have no problem 
running any and all the trains 
you want on your layout.  The 
key is to make sure your power 
system matches your need.  
Understanding these elements 
will help you make the right 
decisions to make your layout a 
success!
Find a system that will meet 
your needs and a little bit more.  
You don’t want to be running 
at maximum capacity on the 
booster all the time.  Not only 
does it not allow much margin 
for it to trip, but there will be 
times where extra surges of 

power are needed.  For instance, 
many sound decoders have 
capacitors on board that need 
to be charged when the layout 
is turned on.  Often, this inrush 
current will be several times 
that of normal power.  Having a 
booster system that can handle 
the inflow is good.  A rule of 
thumb is to allow a half of an 
amp per loco on the layout.

DECODERS

Decoder Types and
Their Features
Most DCC decoders are 
considered mobile decoders.  In 
other words, these are decoders 
that take the power and signal 
off the track and translate 
commands into outputs that 
control the motor and lighting. 
Mobile decoders can be broken 
down into some basic types:
Basic Decoders –  These provide 
only basic motor control and 
maybe 2-4 lighting outputs.  
They are a great option for 
converting older, pre-DCC 
locomotives that you may want 
to run occasionally on DCC.  They 
are typically cost effective and 
easy to wire in.  Most modern 
basic decoders come with back 
EMF motor control to provide 
excellent speed control, although 
there are some that are without 
Back EMF (Electro-Motive Force).  
It is often very easy and relatively 
inexpensive to replace a non-
BEMF decoder with one that has 
BEMF control, providing much 
improved slow speed operation. 

 Sound Decoders –  As interest in 
operating trains through DCC 
developed, interest in having the 
decoder provide sound as well 
as motor and lighting controls 
developed as well.  Most sound 
decoders offer accurate sounds 
reflecting actual prototypes.  
Many of these decoders are 
not much larger than a basic 
decoder, however they tend to 
cost quite a bit more. There are 
decoders where the speakers for 
the sound are included on the 
board. In most cases, however 
they are separate, and often 
not included with the decoder.  
Installing or retrofitting a model 
with sound can be challenging, 
especially in a model that has 
limited space.  However, the 
realism provided by the addition 
of sound is often desired by  
many modelers.
Matched Basic Decoders –  In 
some cases, modelers have 
installed sound decoders in 
locomotives, and would like to 
run non-sound equipped locos 
with them.  However, often 
installing a basic decoder in a 
matched locomotive will result 
in the locomotive not running 
the same.  Some manufacturers 
offer basic decoders with 
programming and functionality 
that exactly matches their  
sound decoder offerings.  This 
makes speed matching and 
consisting much easier.

Function Only/Sound Only 
Decoders –  As the name implies, 
these are decoders without motor 
controls or only with sound.  
Function only decoders can be 
very useful if, for example, you 
want more lighting functions 
provided than the motor 
decoder provides.  Function only 
decoders can also be used in 
rolling stock such as passenger 
cars or cabooses to turn on and 
off marker lights or interior 
lighting.  Sound only decoders 
provide the option of adding 
sound to a locomotive that 
already has a motor decoder.
Stationary decoders are, as the 
name implies, used to operate 
devices on the layout via the 
DCC system.  Most commonly, 
stationary decoders will operate 
switches, and there are different 
types of decoders for different 
types of switch machines, such 
as twin coils or slow motion 
motors.  Refer to the section 
on stationary decoders to 
understand these more fully.
Configuration Variables or CVs – 
Every decoder has configuration 
variables, CVs that are used to 
program their functionality.  At 
the most basic level, there are 
CVs to define the decoder ad-
dress, most usually programmed 
as the locomotive number, its 
maximum speed, starting volt-
age, acceleration rates and de-
celeration rates.  Additional CVs 
are generally provided to control 
everything from how lighting is 
controlled to the volume of the 
sound.  Some even have spe-
cial effects such as reverb and 

Easy-to-install decoders are available for most N Scale locos and cars.

EQ control of the sound.  Each 
decoder is generally provided 
with documentation on what 
each CV does and the values to 
be programmed into them to do 
what is desired.
While intimidating at first, 
programming CV’s is not hard.  
Most DCC systems have detailed 
instructions on how to program 
decoders.  However a typical 
user may have several decoders, 
and each decoder has a few 
dozen CVs, keeping track can 
be difficult.  There are software 
programs available that allow 
users to save the CV settings for 
their locomotives.  Other options 
include making a copy of the CV 
settings page for each locomotive 
decoder on the layout and mark 
up in pencil the settings, or 
develop a record on a computer 
spreadsheet.  Regardless of the 
method, keeping track of what 
was programmed in will pay off 
in spades when troubleshooting 
or when trying to match what 
was done previously.

BEMF and Motor Control
Model railroad locomotives 
are attempting to simulate the 
movements of massive prototype 
machines.  In reality, the friction 
between gears and even within 
the motor is a large percentage 
of the actual load on the motor.  
When trying to start a model 
locomotive that friction will 
keep the motor from turning 
until enough voltage is applied 
to force the motor and drive it 
loose.  Once it is loose, it will 
move freely.  This shows up as a 
jerk start on a model.  So what 
is needed is a way to carefully 
apply power to the motor 
enough to get it moving, but 
then immediately back off as it 
breaks free.  This is where high 
frequency and back-EMF motor 
control comes in.
Instead of using straight DC, 
DCC motor drives use a very 
high frequency pulsed power 
drive to energize the motor.  
In this manner, it basically 
“kicks” small bursts of power 
to the motor to force it to turn 
slowly.  But this still does not 
take care of how to keep it from 
over speeding when it starts to 
move.  To control that, back-EMF 
control is needed.
Any motor, regardless of quality, 
will generate electricity if simply 
spun.  Or put another way, 
when energized and spinning, if 
power is shut off momentarily, 
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5Function Only/Sound Only 
Decoders –  As the name implies, 
these are decoders without motor 
controls or only with sound.  
Function only decoders can be 
very useful if, for example, you 
want more lighting functions 
provided than the motor 
decoder provides.  Function only 
decoders can also be used in 
rolling stock such as passenger 
cars or cabooses to turn on and 
off marker lights or interior 
lighting.  Sound only decoders 
provide the option of adding 
sound to a locomotive that 
already has a motor decoder.
Stationary decoders are, as the 
name implies, used to operate 
devices on the layout via the 
DCC system.  Most commonly, 
stationary decoders will operate 
switches, and there are different 
types of decoders for different 
types of switch machines, such 
as twin coils or slow motion 
motors.  Refer to the section 
on stationary decoders to 
understand these more fully.
Configuration Variables or CVs – 
Every decoder has configuration 
variables, CVs that are used to 
program their functionality.  At 
the most basic level, there are 
CVs to define the decoder ad-
dress, most usually programmed 
as the locomotive number, its 
maximum speed, starting volt-
age, acceleration rates and de-
celeration rates.  Additional CVs 
are generally provided to control 
everything from how lighting is 
controlled to the volume of the 
sound.  Some even have spe-
cial effects such as reverb and 

Easy-to-install decoders are available for most N Scale locos and cars.

EQ control of the sound.  Each 
decoder is generally provided 
with documentation on what 
each CV does and the values to 
be programmed into them to do 
what is desired.
While intimidating at first, 
programming CV’s is not hard.  
Most DCC systems have detailed 
instructions on how to program 
decoders.  However a typical 
user may have several decoders, 
and each decoder has a few 
dozen CVs, keeping track can 
be difficult.  There are software 
programs available that allow 
users to save the CV settings for 
their locomotives.  Other options 
include making a copy of the CV 
settings page for each locomotive 
decoder on the layout and mark 
up in pencil the settings, or 
develop a record on a computer 
spreadsheet.  Regardless of the 
method, keeping track of what 
was programmed in will pay off 
in spades when troubleshooting 
or when trying to match what 
was done previously.

BEMF and Motor Control
Model railroad locomotives 
are attempting to simulate the 
movements of massive prototype 
machines.  In reality, the friction 
between gears and even within 
the motor is a large percentage 
of the actual load on the motor.  
When trying to start a model 
locomotive that friction will 
keep the motor from turning 
until enough voltage is applied 
to force the motor and drive it 
loose.  Once it is loose, it will 
move freely.  This shows up as a 
jerk start on a model.  So what 
is needed is a way to carefully 
apply power to the motor 
enough to get it moving, but 
then immediately back off as it 
breaks free.  This is where high 
frequency and back-EMF motor 
control comes in.
Instead of using straight DC, 
DCC motor drives use a very 
high frequency pulsed power 
drive to energize the motor.  
In this manner, it basically 
“kicks” small bursts of power 
to the motor to force it to turn 
slowly.  But this still does not 
take care of how to keep it from 
over speeding when it starts to 
move.  To control that, back-EMF 
control is needed.
Any motor, regardless of quality, 
will generate electricity if simply 
spun.  Or put another way, 
when energized and spinning, if 
power is shut off momentarily, 

there will be a voltage on the 
terminals proportional to the 
speed at which it is spinning.  
That is called a back-electro-
motive force, or back-EMF.  
As described, the motor drive 
actually turns the power to the 
motor on and off in very short 
bursts.  So a BEMF decoder is 
set up to read the voltage on the 
motor during the period of time 
the motor is off.  These voltages 
represent forces which can be 
used by decoders to detect the 
speed and load on the motor 
and automatically compensate 
the power going to the motor.  A 
control algorithm is used to adjust 
the power to keep the loco moving 
at a constant speed or to carefully 
control the motor at very low 
speeds where otherwise binding 
or even drag in the mechanism 
would stall out the loco.

MOBILE DECODER 
INSTALLATION

Decoder Installation –  
Fear and Trepidation or  
Wonderful Opportunity?
It’s just a matter of time, but 
at some point most model 
railroaders will come across an 
engine that they like but is not 
DCC equipped.  It could be a new 
offering that does not come with 
a decoder, or it could be an old 
favorite from the DC days that 
would be nice to have upgraded.  
So how hard is it to install a 
decoder?  Is it worth it?
Decoder installs can be grouped 
into 2 basic categories – DCC 
ready or not.  Each requires a 
different approach and level of 
effort to complete.  The first and 
most basic is to install a DCC 
decoder into a “DCC Ready” 
locomotive.  Most commercially 
available locomotive models 
available today are DCC ready, 
including O, HO and N scale 
models.  The principle feature 
of DCC ready is the motor is 
isolated from the frame and a 
wiring connector is provided that 
bring all the necessary decoder 
connections to one point on the 
model.  These are equipped with 
either an 8-pin “NMRA” (more 
common) or a 9-pin “JST” (less 
common) connector.  All major 
decoder manufacturers offer 
decoders pre-equipped with the 
appropriate mating connector.
Older locomotives were designed 
to run off DC and generally had 
their motors directly attached to 
the frames.  This includes both 

LIGHTING WITH DCC

In addition to independent train operation and excellent motor 
control, DCC offers first rate lighting and lighting effects on 
locomotives and cars.  Because the decoder is microprocessor 
controlled, and each output is independently controlled, 
exquisite lighting effects can be generated.  These range from 
simple on/off control of lights to special lighting options, 
including Gyralights, ditch lights, Mars lights, strobe lights, 
oscillating head lights, dynamo, Rule 17 dimming, dim-bright-
off cycle, cabin lights and more.  Decoders will generally have a 
listing of the lighting effects provided.

Lighting effects are generally controlled by setting certain CVs 
to obtain the desired effects.  CVs also control whether or not 
the light operates when going forward or reverse, or when it is 
stopped.  Some effects are also interlocked with other functions.  
For example, ditch light effects are often interlocked with the 
horn function to create a back-and-forth lighting effect for a few 
seconds after blowing the horn.

Most decoders can accept both LED and incandescent bulbs, 
and in general will provide roughly 14 VDC to the lights.  Keep in 
mind LEDs are current limited and will require current limiting 
resistors to protect them.  Many micro bulbs are rated at 1.5 volts 
and will also require resistors to operate.  Some are provided 
with special voltage outputs custom tailored to certain lamps 
and manufacturers.  A common feature is to provide 1.5 VDC in 
addition to the 14 VDC output.  This allows direct connection of 
micro bulbs to the decoder without worrying about resistors.

Lighting functions allow independent 
control of headlights, marker lamps 
and more for added realism.
Photo by Bob Gallegos
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A FEW ADDITIONAL POINTS TO KEEP IN MIND:
Make good, solid solder joints.  Be sure they are shiny and fully wet the wires or metal to which you 
are attaching the wires.  A grainy or rough finish on the solder indicates a “cold” solder joint and that will 
cause problems later on.

Be sure to make connections to metal in contact with plastic quickly or with a heat sink to prevent 
damage to the parts.  Ideally removing the metal piece is best so that it can cool before reassembly.

When connecting between wires, be sure to insulate the connection.  Nothing is more frustrating 
than completing an install only to find it is not running right because of an occasional short.  A small 
piece of electrical tape works, but a much cleaner installation can be had by using shrink tubing.

Note that since you are hard wiring the decoder into the locomotive, you will not need a decoder 
with the connector.  One with just leads will be fine.  Refer to the decoder manufacturer’s instructions 
on how to wire it out.  Typically black and red go to the rails, orange and gray go to the motor.

To avoid a sneak path that can potentially damage a decoder make certain that the motor brushes 
are insulated from the track power leads.  The motor has to be completely isolated from the track 
power.

Work slowly and methodically.  Time will be wasted if the work needs to be redone later.  Check the 
wiring diagram carefully before doing the work.  Check everything after the install.  Properly wired, a 
decoder will last for decades.  But if leads are installed incorrectly, track voltage can get into circuits that 
will destroy the decoder instantly.  Check everything over after completing the install to assure it is wired 
correctly.

It is recommended that before setting the new installation on the layout, check the wiring on 
the programming track.  Programming tracks have much less power available and will not harm the 
decoder if it is wired out incorrectly.  Attempting to program or read a CV on the programming track 
will give you a good sense of if the install was done properly.  If it will not read or write, check your 
work and try again.  Once you feel comfortable with the wiring, set it on the layout tracks and give it a 
try.  All NMRA standard decoders will default to DCC address 3. Assuming all is well, program it to the 
appropriate address and give it a run.  Assuming it runs well, reassemble the model and get it on the 
ready tracks.  You did it!  That hanger queen can finally run again.

plastic and metal locomotives.  
In some cases, you may come 
across an older loco that has 
been converted to a predecessor 
of DCC called carrier control, 
and generally these can be 
very easy to modify.  Before 
converting any DC loco, check 
out the loco on DC. If it doesn’t 
work, fix any operating issues 
prior to converting.
Whether or not it is DCC ready, 
most O, HO and N scale locos 
can be converted to run on DCC.  
Some like the older, non-DCC 
ready, and particularly many 
N-scale locos can be more 
challenging.  If you have never 
done a decoder install, start with 
one that is DCC ready and then 
work up to the more challenging 
projects.
Prior to starting an install, you 
will want to make sure you 
have a suitable work area and 
the proper tools.  Specifically, 
there are a few things that are 
useful to have available.  Work 
on a clean bench where the work 
can be spread out.  Taking off 
shells, small screws, couplers, 
connectors and all the other 
miscellaneous parts, some can 
easily get lost.  Find a place 
where the work will not be 
interfered with.  A soft foam 
pad or cradle for the loco is a 
good investment.  A few small 
containers for screws and small 
parts are also very handy.
Once you have the place to work 
set up, take your loco and open it 
up.  Most manufacturers provide 
some instruction sheets with 
their products to show how to 
open them up or at least show 
the way it is assembled.  Once it 

is opened up, look it over.  Make 
a mental note of which end is 
front and rear, as well as how 
the existing wiring is routed.  
Also look at your decoder and 
before opening the package, 
decide if it will fit.  Be sure to 
check the loco to make sure of 
the connector type your loco has 
and that it matches what you 
have purchased.  Most shops 
will let you return a decoder 
as long as the package has not 
been opened.  Also keep in mind 
that when handling decoders, 

remember they are electronics 
and when disconnected from 
a circuit, they are susceptible 
to damage by static discharge.  
Before grabbing the decoder, be 
sure to “ground” yourself out 
by touching some metal on the 
bench first.
At this point, it really is a simple 
procedure to install a decoder 
into a DCC ready loco.
• Find the connector
•  Remove the “jumper plug” 

(which directly connects the 
motor to the rail pickups)

•  Plug in the new decoder in the 
correct orientation.

It really is that easy.  Once 
installed, a piece of double sided 
foam tape, if even required, will 
keep the decoder in place.  Be 
sure to locate the decoder in a 
place where it will allow the 
shell to be replaced without 
interference.  Most newer engine 
models usually have space on the 
frame milled out to locate the 
decoder.  It may sound funny, but 
many times the hardest part of 
these kinds of decoder installs is 
the removal of the shell!

It is recommended that before 
setting the new installation on 
the layout, you should check 
the wiring on the programming 
track.  Attempting to program or 
read a CV on the programming 
track will give you a good sense 
of whether the install was done 
properly.  If it reads OK, or you 
are able to program it, set it on 
the main tracks.  By convention, 
all decoders default to address 
3.  Dial it up on your controller 
and see that it runs.  If it runs, 
go ahead and start programming 
in the unit number and any 
other features you would like to 
have on that locomotive.  Refer 
to your DCC manual for how to 
do that.  If it does not run, head 
back to the bench and retrace 
the installation to make sure 
there are no shorted wires, bent 
pins or something else keeping 
it from being wired out right.  
Very occasionally a defective 
decoder is a possibility.  But most 
manufacturers test each decoder 
before it leaves the factory, and 
failure of the units is very rare.
If all runs well, put the shell 
back on and you are all set.  
Congratulations!  You just 
installed a decoder!

Sound and DCC decoders are available for all scales, including the tight 
confines of N Scale locos.

Decoder Installation Tips: 
Non-DCC Ready Locos
If the loco is not “DCC Ready” 
it is likely that the motor is 
connected to the frame in some 
way.  Many older locomotives 
are set up this way and the 
installation is a bit more 
involved.  Depending on the 
model, it is not for the faint of 
heart, but most are very much 
in the realm of most model 
railroaders.  If you have some 
basic tools, a good soldering iron 
and solder, some familiarity with 
electricity and some time, that 
hanger-queen can once again 
ride the rails! 
You’ll need the basic tools 
mentioned previously: small 
screwdrivers, pliers and 
tweezers.  As before, you will also 
need a good work area where 
you can safely disassemble the 
model.  This installation will 
probably require quite a bit 
more disassembly, and you’ll 
want a place where you can set 
it without worry that inquisitive 
hands or the family cat will 
wreak havoc on the project.  You 
will need a good soldering iron.  
If you are planning to do several 
decoders, consider investing in 
an advanced system.  Ideally a 
temperature controlled station 
works best, but any electronics 
type will do OK.  If possible, get 
a pencil tip for it.  While at it, 
get some good, small diameter 
electronics solder.  Flux cored 
solder works very well as it 

All three of these models have built-in decoder sockets for quick decoder installation. Sound decoders are available pre-loaded with prototype-specific sounds.
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A FEW ADDITIONAL POINTS TO KEEP IN MIND:
Make good, solid solder joints.  Be sure they are shiny and fully wet the wires or metal to which you 
are attaching the wires.  A grainy or rough finish on the solder indicates a “cold” solder joint and that will 
cause problems later on.

Be sure to make connections to metal in contact with plastic quickly or with a heat sink to prevent 
damage to the parts.  Ideally removing the metal piece is best so that it can cool before reassembly.

When connecting between wires, be sure to insulate the connection.  Nothing is more frustrating 
than completing an install only to find it is not running right because of an occasional short.  A small 
piece of electrical tape works, but a much cleaner installation can be had by using shrink tubing.

Note that since you are hard wiring the decoder into the locomotive, you will not need a decoder 
with the connector.  One with just leads will be fine.  Refer to the decoder manufacturer’s instructions 
on how to wire it out.  Typically black and red go to the rails, orange and gray go to the motor.

To avoid a sneak path that can potentially damage a decoder make certain that the motor brushes 
are insulated from the track power leads.  The motor has to be completely isolated from the track 
power.

Work slowly and methodically.  Time will be wasted if the work needs to be redone later.  Check the 
wiring diagram carefully before doing the work.  Check everything after the install.  Properly wired, a 
decoder will last for decades.  But if leads are installed incorrectly, track voltage can get into circuits that 
will destroy the decoder instantly.  Check everything over after completing the install to assure it is wired 
correctly.

It is recommended that before setting the new installation on the layout, check the wiring on 
the programming track.  Programming tracks have much less power available and will not harm the 
decoder if it is wired out incorrectly.  Attempting to program or read a CV on the programming track 
will give you a good sense of if the install was done properly.  If it will not read or write, check your 
work and try again.  Once you feel comfortable with the wiring, set it on the layout tracks and give it a 
try.  All NMRA standard decoders will default to DCC address 3. Assuming all is well, program it to the 
appropriate address and give it a run.  Assuming it runs well, reassemble the model and get it on the 
ready tracks.  You did it!  That hanger queen can finally run again.
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It is recommended that before 
setting the new installation on 
the layout, you should check 
the wiring on the programming 
track.  Attempting to program or 
read a CV on the programming 
track will give you a good sense 
of whether the install was done 
properly.  If it reads OK, or you 
are able to program it, set it on 
the main tracks.  By convention, 
all decoders default to address 
3.  Dial it up on your controller 
and see that it runs.  If it runs, 
go ahead and start programming 
in the unit number and any 
other features you would like to 
have on that locomotive.  Refer 
to your DCC manual for how to 
do that.  If it does not run, head 
back to the bench and retrace 
the installation to make sure 
there are no shorted wires, bent 
pins or something else keeping 
it from being wired out right.  
Very occasionally a defective 
decoder is a possibility.  But most 
manufacturers test each decoder 
before it leaves the factory, and 
failure of the units is very rare.
If all runs well, put the shell 
back on and you are all set.  
Congratulations!  You just 
installed a decoder!

Decoder Installation Tips: 
Non-DCC Ready Locos
If the loco is not “DCC Ready” 
it is likely that the motor is 
connected to the frame in some 
way.  Many older locomotives 
are set up this way and the 
installation is a bit more 
involved.  Depending on the 
model, it is not for the faint of 
heart, but most are very much 
in the realm of most model 
railroaders.  If you have some 
basic tools, a good soldering iron 
and solder, some familiarity with 
electricity and some time, that 
hanger-queen can once again 
ride the rails! 
You’ll need the basic tools 
mentioned previously: small 
screwdrivers, pliers and 
tweezers.  As before, you will also 
need a good work area where 
you can safely disassemble the 
model.  This installation will 
probably require quite a bit 
more disassembly, and you’ll 
want a place where you can set 
it without worry that inquisitive 
hands or the family cat will 
wreak havoc on the project.  You 
will need a good soldering iron.  
If you are planning to do several 
decoders, consider investing in 
an advanced system.  Ideally a 
temperature controlled station 
works best, but any electronics 
type will do OK.  If possible, get 
a pencil tip for it.  While at it, 
get some good, small diameter 
electronics solder.  Flux cored 
solder works very well as it 

makes connections easier.  Good 
wire strippers round out the 
needed tools.
As for supplies, you will also 
want some small multi-strand 
wire – 28-26 AWG is pretty good 
– to do the wiring.  It is possible 
to insulate the work with 
electrical tape, but shrink tubing 
works much better and provides 
a more professional installation.  
A roll of double sided foam 
tape is very useful to affix the 
decoder.  All these are available 
at your local hobby shop.
Selecting a decoder is a critical 
step in doing your own installs.  
Basically you will want to find 
one that provides enough power 
to drive the motor without being 
oversized and not fitting into the 
available space.  Also consider 
lighting options, whether or 
not sound is desired, and motor 
controls.
Getting into the loco is not much 
different than with the DCC 
ready locos.  Study the loco, 
and if available, look through 
the assembly drawings or 
instructions that came with the 
model.  Once you have done a 
few DCC ready locos, chances 
are you will be much more 
comfortable with the non-DCC 
models and will be able to get 
into them without much trouble.  
As always, work carefully, and 
lay out the pieces in order so 
they can be reassembled in 
reverse order.

It’s beyond the scope of this 
booklet to get into the details 
of the work but chances are 
someone somewhere has done 
a similar install.  Search the 
internet and see if you can find 
a project similar to yours.  Many 
model railroaders have published 
clinics on the internet showing 
how they did their installs.  The 
key piece that separates this 
kind of install from a DCC ready 
model is to get to the motor 
leads.  The idea is to isolate the 
motor from the frame and wire 
new leads from each rail pickup 
and each side of the motor to 
the new decoder.  It can get to 
be a bit of a puzzle to figure out 
how the manufacturer’s put the 
motor into the frame.  Many 
times the assembly instructions 
can be found on the internet.  
Sometimes it is easier to attach 
short wire leads to the motor, 
reassemble the motor and 
frame, and then make the final 
connections to the decoder.  
Sometimes the install requires 
to cut off or bend back sprung 
tabs that connect the motor to 
the frame.  That’s OK.  Once the 
leads are attached, use a piece 
of Kapton® or electrical tape to 
ensure electrical isolation of the 
motor in areas where there could 
be a concern.

SOUND

Sound with DCC
Possibly one of the most 
exciting developments in model 
railroading are sound decoders.  
For decades modelers have had 
to imagine the sounds of their 
locomotives as they pulled their 
trains.  There were a few analog 
and early digital control based 
systems that came out in the 
last couple of decades.  But they 
were very limited in their ability, 
complex and very expensive.  
They were also proprietary 
in that sound equipped 
locomotives had to stay on those 
layouts; the decoders were not 
interchangeable.
With the advent of the NMRA 
standard DCC protocol, 
manufacturers have developed 
sound decoders that are fully 
compatible with any DCC 
system.  While early decoders 
tended to have generic 
synthesized sounds, most 
modern decoders use full 16 
bit sound reproductions of 
recordings of actual locomotives.  
So whether you have a model of 
a rickety shay or a twin engine, 
DDA40X, chances are there 
is a sound decoder available 
with the actual sounds of those 
locomotives.
Besides becoming more complex 
and accurate to the prototype 
sounds, modern sound decoders 

All three of these models have built-in decoder sockets for quick decoder installation. Sound decoders are available pre-loaded with prototype-specific sounds.
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have become much smaller.  
Older analog and early digital 
sound decoders were large, 
and often would require a 
dummy unit or separate boxcar 
to contain all the required 
electronics.  Decoders today can 
fit in most locomotive models 
along with the motor and drive 
train.  These full function 
decoders also have the full array 
of lighting effects and motor 
controls as do their non-sound 
brethren.
Sound decoders are generally 
equipped with many of the 
basic sounds one hears from a 
locomotive.  The diesel prime 
mover or steam chuff, bell and 
horn or whistle are always 
provided.  Beyond that, sound 
decoders offer a plethora of 
additional sounds including 
air release, dynamic brakes, 
blower and blow off, rod clank, 
coupler clank and others.  In 
most cases, the sounds generated 
automatically on the prototype 
are also automatically generated 
on the sound decoders.  Bells, 
whistles and horns are actuated 
by function keys on the hand-
held controllers.
While the technology is amazing, 
the challenge in application 
is in the speakers themselves.  
Locomotives generate sounds 
and it is these sounds that 
we want to hear.  Many of 
the generated sounds are low 
frequency, however the physics 
of sound does not change and 
to create low frequency sounds 
there is a need for bigger 
speakers.  Installations vary, 
but it is common for speakers 
to be put into the tenders of 
steam locomotives to provide 
the largest possible area for 
the speaker itself.  Diesel 
locomotives often have the 
speaker located the full width 
of the hood, or even installed 
sideways across the diagonal of 
the body.
When installing a sound decoder 
and speaker, keep in mind the 
impedance of the speaker must 
match or be greater than the 
impedance rating of the decoder 
amplifier.  Most decoders utilize 
an 8 ohm amplifier.  So the 
speaker must be 8 ohms or 
greater.  Going with speaker 
impedance ratings less than 
that of the amplifier will allow 
more current to flow through 
the circuit and can destroy the 
decoder amplifier section.

Additionally, acoustic theory 
requires the speaker to be in 
some kind of enclosure (baffle) to 
prevent the sounds generated on 
the surface of the speaker to be 
“short circuited” by the sounds 
from the other side.  Often these 
enclosures are separate boxes 
installed within the shell or 
frame.  In some cases the body 
of the model itself acts as the 
enclosure, as is often the case 
with speakers in tenders.

STATIONARY 
DECODERS

At some point in using DCC, 
it becomes apparent that the 
DCC system can do more than 
just control trains.  It is, after 
all, a data highway.  So what 
about these stationary accessory 
decoders?
Accessory decoders are decoders 
that are physically mounted 
to the layout, that is, they are 
stationary.  Basically they are 
very much like a loco decoder 
– they read the DCC signal, 
respond to commands and are 
powered by the same power bus 
as the tracks.  Using them allows 
you to remotely control turnouts 
and accessories. Even on layouts 
with mostly manually thrown 
turnouts, having the option to 
go with DCC controlled turnouts 
can be a wonderful option, 
especially for hard-to-reach 
locations.  Less wiring.   
More control.  Very slick.

Differences Between 
Stationary and  
Mobile Decoders
Electronically, the main 
difference between a stationary 
decoder and the mobile 
counterpart is that they use 
different addressing.  Accessory 
decoders have a unique address 
that is different in structure 
from a mobile address.  That is 
why your DCC controller has a 
separate button for accessing an 
accessory decoder.
They also have different types of 
outputs, basically just turning 
things on and off, or reversing 
an output.  This is very useful to 
control turnouts, but can be used 
to energize layout accessories by 
remote control.
Like mobile decoders, the 
stationary decoders need to be 
programmed with some kind 
of address, and within each 
decoder, the programming allows 

each output its own address.  
In this way the DCC handheld 
controller can specifically actuate 
a specific accessory decoder output.

Uses and Features
Depending on what the need 
is, there are many accessory 
decoders available.  The most 
common control turnouts.  
Stationary accessory decoders 
can be purchased to control 
either the “twin-coil” switch 
machine types or the slow 
motion, motor driven switch 
machines.  Some stationary 
decoders can be purchased that 
not only can be controlled via 
DCC, but also can detect an 
improperly positioned turnout 
by monitoring the rail polarity, 
and automatically throw 
both the turnout and track 
polarity.  These are very handy 
in applications such as reverse 
loops or wyes.
Another feature of many 
DCC systems is that they can 
“memorize” several routes, 
that is, alignments of multiple 
accessory decoders.  This is very 
useful when setting up automatic 
operation of a yard.  Instead of 
having to command each turnout 
to throw, simply selecting a route 
will have the command station 
issue commands to all the proper 
turnouts.
Besides control of turnouts, 
accessory decoders can be 
used to drive motors that 
open roundhouse doors, lower 
water tower spouts, and even 
activate water fill sounds from a 
stationary sound decoder.
It is a wonderful time to be in 
the hobby where so many things 
that were dreamed about only a 

couple decades ago are not only 
within reach, but are on hobby 
store shelves.

PULLING IT ALL 
TOGETHER

A simple layout with a one 
person operation may not need 
a very complex system.  In 
fact, there are DCC products 
out there where the hand-held 
controller includes the booster 
and command station, all in 
one.  Most layout owners will, 
however, want to run with a 
friend or two.  In these cases 
a separate command station 
and booster is the way to go.  
With a separate command 
station, additional controllers 
can be attached, and the fun of 
operating the layout is shared.  
Gone is the need to constantly 
find toggle switches to throw or 
the cry of “who has my train!”

DCC Equipment Installation
Generally the command station 
and associated booster will be 
located near the tracks, where 
power feeders can be run.  Many 
times, owners will provide a 
shelf under the layout for these 
electronics.  Cables lead to the 
controllers, or optionally wireless 
transceiving components are 
attached to the command station 
to connect the controllers to the 
DCC system.  This also keeps 
the electronics out of the way 
and protected.  

Wiring it Out
Seems like it’s the little things 
can cause some of the greatest 
frustrations in life.  Cutting a 
piece of trim too short, spilling 
some paint or even just finding 

yourself low on gas when 
needing to be somewhere soon.  
So it makes sense to avoid 
creating situations where we 
know we will get in trouble 
later.  What does this have to 
do with model trains?  As it 
turns out, a lot!
When setting up a layout, most 
hobbyists are quite anxious to 
get trains rolling as quickly 
as possible.  Sure, bench 
work is generally important 
enough to take some time to do 
right, and perhaps the track 
work.  But as soon as a foot 
or two of rail is laid, most of 
us take some alligator clips 
to our power supply and see 
how it runs.  This is OK to 
test, but all too often these 
temporary arrangements are 
hastily soldered to some track 
and it becomes a more or less 
permanent installation.
When setting up a DC layout, 
there is not as much of a 
need for each piece of track 
to be able to handle a lot of 
power.  The nature of DC block 
systems is such that each block 
will only power one train at a 
time.  So typically the power 
required may be on the order of 
2-3 amps at most, usually less.  
Something even a #22 wire can 
reasonably handle.
So what’s the problem?  Well, 
DCC is a different animal.  
With DCC and 3-4 trains on 
a block (like in a yard), it is 
possible to see 3-5 amps pulled 
on a section of track, especially 
with sound.  That’s a lot of 
juice.  Just a few issues with 
using small power wiring on 

Unlike with DC systems, all of these trains are on a single power block. DCC helps eliminate tedious block wiring
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couple decades ago are not only 
within reach, but are on hobby 
store shelves.

PULLING IT ALL 
TOGETHER

A simple layout with a one 
person operation may not need 
a very complex system.  In 
fact, there are DCC products 
out there where the hand-held 
controller includes the booster 
and command station, all in 
one.  Most layout owners will, 
however, want to run with a 
friend or two.  In these cases 
a separate command station 
and booster is the way to go.  
With a separate command 
station, additional controllers 
can be attached, and the fun of 
operating the layout is shared.  
Gone is the need to constantly 
find toggle switches to throw or 
the cry of “who has my train!”

DCC Equipment Installation
Generally the command station 
and associated booster will be 
located near the tracks, where 
power feeders can be run.  Many 
times, owners will provide a 
shelf under the layout for these 
electronics.  Cables lead to the 
controllers, or optionally wireless 
transceiving components are 
attached to the command station 
to connect the controllers to the 
DCC system.  This also keeps 
the electronics out of the way 
and protected.  

Wiring it Out
Seems like it’s the little things 
can cause some of the greatest 
frustrations in life.  Cutting a 
piece of trim too short, spilling 
some paint or even just finding 

yourself low on gas when 
needing to be somewhere soon.  
So it makes sense to avoid 
creating situations where we 
know we will get in trouble 
later.  What does this have to 
do with model trains?  As it 
turns out, a lot!
When setting up a layout, most 
hobbyists are quite anxious to 
get trains rolling as quickly 
as possible.  Sure, bench 
work is generally important 
enough to take some time to do 
right, and perhaps the track 
work.  But as soon as a foot 
or two of rail is laid, most of 
us take some alligator clips 
to our power supply and see 
how it runs.  This is OK to 
test, but all too often these 
temporary arrangements are 
hastily soldered to some track 
and it becomes a more or less 
permanent installation.
When setting up a DC layout, 
there is not as much of a 
need for each piece of track 
to be able to handle a lot of 
power.  The nature of DC block 
systems is such that each block 
will only power one train at a 
time.  So typically the power 
required may be on the order of 
2-3 amps at most, usually less.  
Something even a #22 wire can 
reasonably handle.
So what’s the problem?  Well, 
DCC is a different animal.  
With DCC and 3-4 trains on 
a block (like in a yard), it is 
possible to see 3-5 amps pulled 
on a section of track, especially 
with sound.  That’s a lot of 
juice.  Just a few issues with 
using small power wiring on 

a DCC layout are: excessive 
voltage drop between the 
booster and the locomotive 
causing poor reliability of 
the DCC signal, additional 
heat within the loco and more 
susceptibility to dust and dirt 
on the track.
What’s the solution?  Heavy 
feeders!  Provide a power bus 
throughout the layout where 
power can be conveyed to the 
track near the same voltage 
as what is provided at the 
booster.  Most model railroad 
design guides recommend 
#12 AWG wire, however #14 
will work just fine and even 
#16 works well for all but 
the largest layouts.  From 
these busses, provide smaller 
feeders to the tracks, #18-#22 
feeders every 6-8 feet, and on 
either side of switches.  You 
can even use #24 as long as 
you have several drops onto 
the track, say one every 3-6'.  
Keep in mind most rail is 
nickel-silver.  Nickel silver is 
resistant to corrosion, but it 
is at the expense of increased 
resistance in the material.  
Just because it’s Code 100 
rail, it does not qualify as a 
power bus.  Providing a bus 
under the layout with frequent 
feeders, you are providing a 
solid conduit of power from the 
booster to the locomotives.  The 
result is you will have a fewer 
problems and a much more 
reliable system.
On an aside, in general 
using old DC wiring for DCC 
is a mistake.  Sure, when 
converting a DC layout to 
DCC, it’s fast, and conceptually 

easy.  But recall the benefit of 
DCC is multiple trains on the 
same “block” of track.  In DC, 
one train may pull an amp or 
two.  So even a well thought 
out and wired DC system will 
likely be inadequate for all but 
the most basic DCC powered 
layout.  That little ol’ #22 wire 
that fed from the toggle switch 
to that block worked OK for 
DC, now it’s like jogging while 
breathing through a straw!  
So when upgrading to DCC, 
be sure to take the time and 
install or replace the feeders 
(as well as the busses) with 
heavier conductors.  The 
added cost and time to install 
a proper power distribution 
system is well worth the 
reduced frustration and more 
reliable operations later on.

Programming Track
Decoders will need to be 
programmed in some way.  
Most decoders offered today 
allow “Programming on the 
Main” (POM), and users 
will rarely need a separate 
programming track.  However 
in some cases, a decoder will 
get incorrectly programmed or 
will need to have some critical 
CVs reset that you don’t want 
to risk ending up going to some 
other (or all other) decoders on 
the layout.  This is where the 
programming track comes in.
A programming track is simply 
a separate extension of the 
DCC track bus, however it is 
without the power booster and 
without a connection to the 
main track.  A programming 
track will allow you to 

specifically and uniquely 
program a specific decoder on 
an isolated system.  This is 
very helpful for doing decoder 
resets or testing a decoder 
before placing it on a powered 
track.  Most DCC systems 
also allow you to read the CV 
values in the decoder back 
to the handheld controllers, 
allowing you to verify the 
configuration of a decoder.
Generally, a programming 
track is fed directly from 
an output off the command 
station.  The track does not 
need to be long, but should 
be long enough to hold your 
longest locomotive.  A spare 
length of track on an unused 
part of the layout or even a 
separate shelf is most common.  
It is recommend NOT to 
combine the programming 
track with a segment of layout 
track, say via a double-pole, 
double-throw switch.  Should a 
loco accidentally cross over the 
gap while the switch is in the 
programming track position, 
the power of the DCC power 
track could backfeed into the 
programming outputs.  This 
could be damaging on some 
DCC systems.
Some sound decoders take 
significantly more power to 
energize than what a typical 
programming track can supply.  
In these cases it is common to 
purchase a programming track 
booster.  The programming 
track booster does provide 
additional power to energize 
these decoders, but not enough 
to cause damage.  Keep in 
mind not all sound decoders 

Unlike with DC systems, all of these trains are on a single power block. DCC helps eliminate tedious block wiring
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need that much power to be 
programmed, so see if your 
decoder needs it before making 
the purchase.

Operational 
Considerations 
In general, there is very little 
that goes wrong within the 
DCC system components.  
Most of the challenges are in 
the wiring out of the system as 
well as how it is operated.  As 
was discussed, if the system 
is not operating correctly, 
start working backwards 
from when and where it failed 
to what is known to work.  
Loose connections, cold solder 
joints, and broken wires can 
cause problems with reliable 
operation.
Problems that can occur with a 
properly operating system can 
usually be traced back to a few 
areas.  First and foremost is 
clean track and wheels.  DCC 
requires a constant connection 
between the booster and 
decoder.  The most critical 
element in these connections 
is between the rails and the 
wheels.  Dirty tracks and 
dirty wheels are notorious for 
causing operational problems.  
Clean both tracks and wheels 
regularly to assure good 
electrical conductivity between 
the two.  If your layout is in a 
dusty or humid environment, 
consider methods to keep dust 
off the layout and remove 
humidity from the layout room.

There are varying opinions on 
whether or not to use track 
cleaning fluids and coatings.  
Each camp seems to have 
strong opinions of what works 
best for them.  Do research 
and talk with fellow model 
railroaders on what works 
best in your environment.  
Regardless of the approach, 
all would agree that less is 
more and any kind of track 
treatment option should be 
used very sparingly.
One final comment on this 
topic – since DCC requires 
continuous and reliable 
communication of data via 
the tracks, any electrical 
noise will tend to cause 
problems.  Besides dirty track 
and wheels, the next biggest 
culprit are occasional shorts 
and derailments.  These tend 
to create electrical noise on 
the tracks that is occasionally 
picked up by locomotive 
decoders.  The DCC data 
protocol is self-correcting, 
however you may find at some 
point the system is confused.  
A simple and effective remedy 
is to simply turn off all the 
power to the layout, including 
boosters and handheld 
controllers, wait 10-15 seconds 
to assure all the power 
capacitors are fully discharged, 
and then restart the DCC 
system.

ADVANCED 
OPERATIONS

Speed Curves –  
Getting Your Locomotives 
to Run Together
Since decoders are basically 
on-board microprocessors, they 
can be programmed to adjust 
the motor control output to 
specific speed curves.  A speed 
curve is a definition of how fast 
the motor should be running 
for each speed step.
By default, most decoders are 
set up with a straight line 
speed control.  That is, each 
speed step will increase the 
speed control to the motor 
by the proportional fraction 
of that speed step.  In other 
words, each stop on a 28 speed 
step increases or decreases the 
speed to the motor 1/28th of 
the total.  Similarly, a straight 
line speed curve on 128 speed 
steps will change the speed 
control 1/128th of the total 
speed control to the motor.
Most decoders are provided 
with a variety of speed curves, 
including straight line and 
varying degrees of logarithmic 
and exponential.  Logarithmic 
curves tend to have more gain 
in the first few speed steps, and 
are popular for situations where 
you might want to get the train 
rolling quickly.  Exponential 
speed curves will tend to have 
a very flat response at first and 
then accelerate later.  These are 
useful for programming into 
switchers which require a lot of 
slow speed control.

In addition to preset speed 
curves, most decoders allow a 
user defined speed curve to be 
programmed into the decoder.  
The user defined speed curve 
allows you to create virtually 
any throttle response curve 
you can imagine.  The most 
common use for these is to 
flatten out the response at the 
ends of the curves so that the 
prime mover sound in sound 
decoders can be “played” 
before the loco starts moving 
or at full speed.  User defined 
speed curves can be tedious 
to program into a decoder 
manually one point at a 
time, and most users will use 
some kind of PC interface to 
program them.

Vmax/Speed Trim
Similar to speed curved, Vmax 
and speed trim can be used 
to adjust the maximum speed 
of a loco.  In general Vmax 
or Speed Trim functions will 
proportionally lower or raise 
the entire speed curve by some 
factor.  These functions are 
very handy to speed match 
locomotives in preparation 
for MU consisting.  Another 
common use for these functions 
is to limit the speed on 
locomotives, especially yard 
switchers.  Some decoders offer 
speed trim for both the forward 
and reverse direction.  This 
is very handy for locos that 
for some reason will run at 
different speeds depending on 
what direction they are going.

Many decoders and systems allow you to adjust acceleration and speed characteristics. For example, switchers can be easily programmed for great performance at low 
switching speeds.

Consisting
Sometimes for steam fans but 
more often for diesels, there 
is little more thrilling than 
seeing a brace of high powered 
locomotives pulling together 
on a train. Many model 
railroaders enjoy doing the 
same thing on their layouts.
When multiple diesel units 
that can be easily broken 
up are tied together they 
are called multiple units – 
“MU.”  When done on a model 
railroad via DCC, it’s called 
“Consisting,” and allows one 
set of commands to control and 
operate multiple locomotives 
at the same time.  Without 

Modelers and prototype railroads love to mix and match power. With several DCC systems different loco styles made by different 
manufacturers can be programmed to operate with matched speeds and acceleration rates. Prototype photo by Bob Gallegos.

DCC_Article_FINAL.indd   842 9/29/15   10:04 AM



843

In addition to preset speed 
curves, most decoders allow a 
user defined speed curve to be 
programmed into the decoder.  
The user defined speed curve 
allows you to create virtually 
any throttle response curve 
you can imagine.  The most 
common use for these is to 
flatten out the response at the 
ends of the curves so that the 
prime mover sound in sound 
decoders can be “played” 
before the loco starts moving 
or at full speed.  User defined 
speed curves can be tedious 
to program into a decoder 
manually one point at a 
time, and most users will use 
some kind of PC interface to 
program them.

Vmax/Speed Trim
Similar to speed curved, Vmax 
and speed trim can be used 
to adjust the maximum speed 
of a loco.  In general Vmax 
or Speed Trim functions will 
proportionally lower or raise 
the entire speed curve by some 
factor.  These functions are 
very handy to speed match 
locomotives in preparation 
for MU consisting.  Another 
common use for these functions 
is to limit the speed on 
locomotives, especially yard 
switchers.  Some decoders offer 
speed trim for both the forward 
and reverse direction.  This 
is very handy for locos that 
for some reason will run at 
different speeds depending on 
what direction they are going.

Many decoders and systems allow you to adjust acceleration and speed characteristics. For example, switchers can be easily programmed for great performance at low 
switching speeds.

Consisting
Sometimes for steam fans but 
more often for diesels, there 
is little more thrilling than 
seeing a brace of high powered 
locomotives pulling together 
on a train. Many model 
railroaders enjoy doing the 
same thing on their layouts.
When multiple diesel units 
that can be easily broken 
up are tied together they 
are called multiple units – 
“MU.”  When done on a model 
railroad via DCC, it’s called 
“Consisting,” and allows one 
set of commands to control and 
operate multiple locomotives 
at the same time.  Without 

consisting, the locomotives 
would have to be run like the 
old steam locos, with a crew 
operating each loco.
There are three types of 
consisting in DCC: 

Basic

Universal 

Advanced

Basic Consisting is the 
simplest.  Basic consisting 
is performed by simply 
programming the same 
address to the locomotives that 
are to be MU’ed together.  No 
special DCC capabilities are 
required, and it is conceptually 

very simple.  Same address 
– same response.  Of course, 
there is no way to ‘break up’ 
the consist, other than to 
reprogram the address of each 
loco.  However the advantage is 
that it is very reliable, and can 
easily be applied to locomotives 
that are always run together.  
The principle disadvantage 
with basic consisting is there 
are multiple locomotives 
assigned to one address.  As 
such, any CV (Configuration 
Variables) changes made to 
that address will be picked up 
by all locomotives with that 
address.  It makes it very hard 
to make any CV changes on the 

fly by using programming on 
the main.
Universal Consisting has the 
DCC command station handle 
the MU’ing of the locomotives.  
Basically the command station 
issues specific commands to 
each of the unique addresses 
of each loco in the consist. 
The command station must be 
programmed for the consists 
in use, and it tracks and issues 
the commands as needed to 
keep the MU’ed locos running 
together.  Typically, the 
command station uses one of 
the locos as the ‘lead’ loco and 
operators use that address to 
control that loco and all the 
following locos in the consist.
The principle advantage of this 
method is that any decoder 
can be MU’ed with any other.  
Principle disadvantages are 
that it requires the command 
station to ‘keep up’ with 
issuing commands to each loco 
in the MU.  Strictly speaking, 
there is a slight delay between 
the responses of each loco, but 
it generally is short and not 
noticeable.  The other issue 
with universal consisting 
is if the command station 
‘forgets’ an MU setup, or for 
that matter, all of them.  If 
that happens, it is a time 
consuming effort to re-enter 
the MU information, especially 
if it is a larger layout.  Finally, 
if the locos are brought to 
another layout, they will not 
run as an MU set.  Without 
the DCC command station, 
they don’t ‘know’ that they are 
supposed to be MU’ed, and will 
run independently.
Advanced Consisting uses 
the features found in most 
modern decoders.  In essence, 
each decoder has memory 
for two DCC addresses: its 
primary address and its consist 
address.  CV19 selects whether 
the loco uses the primary or 
the consist address.  When 
programming an advanced 
consist all the handling of CV’s 
and addresses is generally 
done in the background.  But 
what this means is the locos 
are truly MU’ed together 
when in an advanced consist.  
Even when taken off the 
layout and brought to another 
layout, they will remember 
their MU address and run 
together.  Additionally, since 
all the locos are responding to 
a single “MU” address, they 

Modelers and prototype railroads love to mix and match power. With several DCC systems different loco styles made by different 
manufacturers can be programmed to operate with matched speeds and acceleration rates. Prototype photo by Bob Gallegos.
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GLOSSARY10all respond at the same time 
and with the same commands.  
The command station is not 
bogged down tracking MU 
consists and data traffic on 
the DCC signal is reduced.  
Most modern decoders offer 
advanced consisting.
What is right for you?  It 
really depends more on your 
system.  Some systems are 
set up to prefer operating 
with one mode more than 
others.  Advanced consists 
keep the units consisted, even 
if there are problems with 
the controller or otherwise.  
The principle complaint of 
this system is the consisted 
address is generally not the 
same as the lead unit number; 
a new number is generally 
assigned.  Universal consisting 
allows you to keep the lead 
unit number in controlling 
the consist.  Of course, the 
down side is if the master 
controller becomes confused 
or someone accidentally 
clears the consists out, all the 
consists on the layout will 
have to be reprogrammed back 
in.  Any system can use basic 
consisting, however as was 
mentioned, it offers the least 
flexibility in terms making up 
and breaking up trains as well 
as in the ability to make any 
CV changes on the fly by using 
programming on the main.
Consisting allows layout 
owners to take advantage of 
one of the key advantages 
of a DCC system – to run 
locomotives together on the 
same track and at the same 
time.  With consisting, you can 
truly “lash up” a set of your 
favorite locomotives and get 
them to run together simply 
and efficiently.  And if they 
have sound, you can recreate 
that feel of power as the units 
spool up and accelerate that 
train out of town!

Momentum and Braking
On the prototype, the engineer 
notches up the throttle, the 
prime mover starts ramping up 
in speed, the generator is able 
to generate more power, this 
power transmits to the traction 
motors and the loco starts 
pulling.  Once the tractive 
effort is applied to the rails, the 
force is applied to the 5,000-
10,000 tons of train, and slowly 
accelerates.  All this takes 
time and delays the startup 

of the train from when the 
throttle is originally moved.  
Energy has to be put into 
the train to start it moving, 
slowly at first, and then more 
quickly.  All the while, the 
prime mover is screaming 
along.  When stopping, the 
opposite happens.  Shut off 
the power, and the momentum 
of the train will continue to 
carry it forward.  Until friction, 
either by the brakes or by the 
train itself, overcomes the 
momentum, the train will 
continue to roll.  These effects 
can be easily simulated in a 
DCC decoder.  Additionally, 
without momentum, you 
cannot simulate the sound 
of the momentum without 
manually forcing the sound 
decoder to ramp up and down 
independently of the speed 
controller position.  The reason 
the engine does not ‘load up’ 
before moving is because 
there is no way the prime 
mover sound ‘knows’ that you 
intend to move before you 
spin the knob and expect the 
loco to move.  Or said another 
way, you need momentum to 
simulate a heavy locomotive.
One solution is to manually 
change the prime mover sound 
while running the loco.  Not 
very much fun, and not very 
realistic.  A lot of function key 
pressing is required to play 
with the sound, not something 
a real locomotive engineer 
would ever do.  Besides, if the 
operator gets busy, they will 
tend to not do the manual 
notching and all the realism 
goes away.
Both the feel and sound 
of a heavy train can be 
easily programmed into a 
DCC decoder.  CVs 3 and 
4 define the acceleration 
and deceleration curves.  
Additionally, with sound 
decoders, the prime mover has 
to spool up before the train 
really gets going, and similarly, 
the prime mover will spool 
down to an idle before the train 
stops.  The resulting effect is 
very realistic.
Braking is a bit of a different 
option.  With a high 
deceleration rate programmed 
in, the train will continue 
to drift for a while after the 
throttle is turned down.  
Depending on how much 
deceleration is programmed 
in, it could roll for quite a 

while before coming to a 
stop.  Some decoders offer a 
braking feature that can be 
programmed to one of the 
“F” keys.  When pressing 
this function, the ”rate of 
deceleration” is increased 
by some factor, and the 
train will stop more quickly.  
Braking values can be set so 
high that it effectively can 
act like an emergency stop 
button!  Ideally, when set up 
with momentum, the braking 
function will reduce the 
distance needed to stop by 1/2 
to 2/3 of what it would have 
been without braking.
Before setting up locomotives 
with momentum and braking, 
it is very important that all 
other elements of the operation 
of the layout be tuned perfectly.  
There is little more that is 
frustrating to be dealing 
with momentum and braking 
when the train stalls at every 
turnout or on will not run 
smoothly on straight and  
level track.

Rolling Stock
With all the aforementioned 
elements of DCC in 
locomotives, it is only logical 
to apply the same thoughts to 
other rolling stock.  Function 
only decoders can be installed 
in cabooses and passenger cars 
to control interior and marker 
lights.  Some manufacturers 
are now offering decoders to 
create the sounds generated 
within refrigerator cars or 
even live stock.  Opportunities 
are only limited by our 
imaginations.  Perhaps a motor 
and decoder could power the 
blades of that rotary snow 
blower, maybe even with 
sound.  Some hobbyists are 
now using decoders to control 
motors that move the arms 
of a brakeman holding an 
illuminated lantern riding on 
the platform of a passenger 
car!  The sky is the limit.

Sound decoders are available with freight car and environmental sounds. Imagine 
this scene with mooing coming from the stock car, pens and locomotive.

Auto Reverse
Automatically matches polarity between track 
block for cross overs and reverse loops.

Back EMF
Back Electro-motive Force is voltage 
generated in a motor while in operation. 
Decoders can monitor this voltage for control 
purposes.

Booster
The Booster is an electronic device that takes 
instructions from the Command Station, and 
creates the digital signal supplied to the track.

Bus
A specific group of electrical wires that carry a 
particular group of voltages or signals.

Cab
In DCC, a term for the controller used to 
operate a train. It has the throttle, plus other 
controls needed.

Command Control
A method of controlling multiple trains 
independent of track voltage

Command Station  (or Console)
The heart and brains of the Digital Command 
Control system, it listens for commands from 
throttles and other devices, processes them, 
and sends the resulting digital data to the 
booster.

Computer Interface
A device to connect a computer to a DCC 
system.

Configuration Variable (CV)
CVs are the user adjustable variables to 
program the decoder.

Consist Address
The unique address by which a consist can be 
accessed. See MU consist.

Consists
Two or more locomotives acting as one unit.

Continuous Load
The maximum current that a decoder can 
supply to a particular output for an extended 
period of time without causing damage to the 
decoder.

Digital Command Control
Digital Carrier Control (DCC)
A standard power and communications 
protocol set forth by the NMRA for the control 
of trains.
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Rolling Stock
With all the aforementioned 
elements of DCC in 
locomotives, it is only logical 
to apply the same thoughts to 
other rolling stock.  Function 
only decoders can be installed 
in cabooses and passenger cars 
to control interior and marker 
lights.  Some manufacturers 
are now offering decoders to 
create the sounds generated 
within refrigerator cars or 
even live stock.  Opportunities 
are only limited by our 
imaginations.  Perhaps a motor 
and decoder could power the 
blades of that rotary snow 
blower, maybe even with 
sound.  Some hobbyists are 
now using decoders to control 
motors that move the arms 
of a brakeman holding an 
illuminated lantern riding on 
the platform of a passenger 
car!  The sky is the limit.

Sound decoders are available with freight car and environmental sounds. Imagine 
this scene with mooing coming from the stock car, pens and locomotive.

Auto Reverse
Automatically matches polarity between track 
block for cross overs and reverse loops.

Back EMF
Back Electro-motive Force is voltage 
generated in a motor while in operation. 
Decoders can monitor this voltage for control 
purposes.

Booster
The Booster is an electronic device that takes 
instructions from the Command Station, and 
creates the digital signal supplied to the track.

Bus
A specific group of electrical wires that carry a 
particular group of voltages or signals.

Cab
In DCC, a term for the controller used to 
operate a train. It has the throttle, plus other 
controls needed.

Command Control
A method of controlling multiple trains 
independent of track voltage

Command Station (or Console)
The heart and brains of the Digital Command 
Control system, it listens for commands from 
throttles and other devices, processes them, 
and sends the resulting digital data to the 
booster.

Computer Interface
A device to connect a computer to a DCC 
system.

Configuration Variable (CV)
CVs are the user adjustable variables to 
program the decoder.

Consist Address
The unique address by which a consist can be 
accessed. See MU consist.

Consists
Two or more locomotives acting as one unit.

Continuous Load
The maximum current that a decoder can 
supply to a particular output for an extended 
period of time without causing damage to the 
decoder.

Digital Command Control
Digital Carrier Control (DCC)
A standard power and communications 
protocol set forth by the NMRA for the control 
of trains.

DCC Ready
Easy conversion to DCC.  Usually means 
the motor is isolated from the frame and a 
standard DCC plug is provided.

Digital Packet
The data packet containing the information 
needed to control a decoder.

Direct Current (DC)
Direct current electricity is unidirectional 
as it does not change polarity on a regular 
alternating period.  In model railroad controls, 
refers to the method of both powering and 
controlling trains by direct modulation of the 
voltage on the tracks.

EQ
Equalizing – adjusting the various frequencies 
of sound.

Functions (F)
Additional outputs on a decoder (besides 
motor control) for independent control, such 
as lighting circuits.

Handheld Controller – See Cab.

Heat Shrink Tubing
A polymer tube which will shrink when 
exposed to heat.

High-Frequency Decoders
Decoders with this feature allow slow speed 
operation without a distracting buzz from  
the motor.

Locomotive
Motive power to a train - the train’s engine.

MU/Consisting
Running more than one locomotive from a 
single set of controls.  See consisting.

Multiple Unit (MU)
The prototype practice of interconnecting 
locomotives to function together and be 
controlled from one of the cabs.  In DCC,  
it is called consisting.

Mobile Decoder
A decoder that’s typically installed in 
locomotives, but can also be installed into cars 
to control lights, animation, sound or even 
uncoupling devices.

Motor
A mechanical device which converts energy 
into a force that can do work.

Original Equipment Manufacturer (OEM)
Company providing the original equipment.  
Usually refers to the electronics supplied with 
the model (e.g., OEM decoder).

The Wires (Bus)
The wires that connect the outputs of a 
booster or Command Station (Console) to the 
track or accessory decoders.

Programming Lock
A method of locking the decoders to prevent 
programming.

Programming Modes
Modes available for programming a 
decoder, typically on programming track or 
programming on the main.  See POM.

Programming on the Main (POM)
A method of programming CVs while the 
locomotive or rolling stock is physically on the 
DCC booster powered part of the track.

Programming Track
A track set aside for programming 
locomotives. It may or may not be part  
of the layout.

Pulse Width Modulation
Controlling power by varying the pulse width 
of square wave power going to a load.

Speed Table
A list of settings of how fast or slow the 
decoder should run at a given throttle speed.

Speed Steps (SS)
Speed steps can be thought of as how many 
steps or notches there are between idle 
(stopped) and full throttle. Can be 14, 28, or 
128 steps.

Stall Current
The current that an electrical motor draws 
when its shaft is prevented from moving.

Stationary Decoder
A decoder normally mounted under the 
bench work or alongside the track in a 
“stationary” position.

Voltage Drop
Lower voltage at the electrical load than at the 
power source, due to resistance in the wire.
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