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AToday, many steam locomotives are available with
factory -installed DCC sound decoders

AManufacturers select the engines they will manufacture
with DCC sound decoders based on expected sales

AI\/IodeIs of many locomotives that were unigue to smaller
railroads are not profitable to manufacture and market
today, based on costs and a limited market

AHowever , back 1 n the 19600s an
many manufacturers of brass locomotives, and models
of a wide variety of steam locomotives were available



AMost of these older models are still in existence,
and can often be found and purchased at model
train shows or auction sites like eBay

AHowever, these older models usually do not have
DCC decoders installed in them (sound or
otherwise)

Aln order to run these older locomotives on our
layouts that are powered and controlled by Digital
Command Control (DCC), we must install
decoders in them



AI\/Iany of us probably shudder at the thought of
taking apart an older locomotive!

AAnd panic may set in at the thought of trying
to figure out how to Install a sound decoder!

AThe purpose of this clinic iIsto de  -mystify the
process of installing a sound decoder in an
older steam locomotive

Altis not that difficult



Some Explanation of
Terms

ADecoder - this is a small integrated circuit board that usually mounts in
the tender of a steam locomotive

ASpeaker - If you are installing a decoder that has sound, you must install
a speaker

AKeep Alive - also called a Current Keeper, it is series of electrical
capacitors that connects to the decoder. A capacitor has the capabillity to
store an electric charge. If the locomotive hits a dead spot and loses
electrical contact with the rails, the Keep Alive capacitors will discharge,
sending current to the motor for a few seconds so it will continue to run
and hopefully move your engine off of the dead spot

ADC - direct current

ADCC - digital command control



Removing the Boller from the
Frame to Access the Motor

AMost older brass locomotive boiler/cab assemblies
are connected to the frame at two points

AA threaded fastener that holds the front trucks on
usually extends through the frame and threads into
the boller

ATwo small threaded fasteners usually connect the
back of the cab to the frame

ARemoving these fasteners will usually allow the
boliler to lift off of the frame



Threaded rod with threads on
~ both ends
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Remove two small threaded screws holding cab Sy
to end of locomotive frame S5 o




~ Remove threaded bolt that holds front
B trucks and passes through frame to boiler |
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REMOVING BOILERS ON OLDER
ENGINES (BOWSER, PENN LINE,

MANTUA)

ABOILER IS USUALLY ATTACHED TO THE FRAME
WITH TWO THREADED BOLTS. ONE IN THE BACK
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HE CAB, AND THE OTHER IN THE

"ACK



THREADED BOLT H.LIING




THREADED BOLT INSIDE SMOKESTACK




On older Mantua E6 4-4-2, rear part of boiler/cab
assembly has a rectangular cutout. Tab on end of
locomotive frame locks into cutout




So What Is the Difference
with DCC?

AOn a conventional DC -powered model railroad, the
power to the engine is supplied by connecting a DC
voltage to the rails, + to one rail, and - to the other rall

AWith DCC, the DCC signal ontherailsisa +/ - 14 volt
alternating current signal with a digital square waveform

ADC motors cannot run on alternating current and
voltage to engine must be converted to a DC signal

AThe motor must be connected to the decoder, NOT to
the rails
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Typical DCC waveform sent to
locomotive via the rails
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AWhen you are using your DCC throttle, and you key
INn commands, such as speed up, slow down, blow
the whistle, etc., you are sending a digital signal
over the rails to the decoder in the locomotive

AThe decoder processes the digital signals. For
signals that tell the motor to speed up or slow
down, the decoder converts them to the
appropriate DC voltage that iIs connected to the
motor terminals



What are the Main Concerns with
Installing a Sound Decoder in an Older
Steam Engine?

As there room for the decoder,
speaker (and Keep Alive) in the
tender?

:&Can the motor be electrically isolated
(1.e., not In electrical contact with the
rails)?



AI\/Iost steam engines with a separate tender will
have room In the tender compartment to hold
at least a decoder and speaker and perhaps a
Keep Alive

AFor engines with an integral tender, such as
shays and climaxes, there may or may not be
room for a decoder.



ASpeaker technology has vastly improved and
speaker size has vastly shrunk!

AToday you can buy a high quality speaker that
IS about the size of a dime and no thicker than
two dimes for about $6 (a cell phone speaker)

ADepending upon the room available, installing
sound in an HO scale shay or climax is
possible



ARemove the tender base from the tender shell
and see how much room iIs available

ANote that a Keep Alive or Current Keeper can
add about $20 to the cost of a decoder, so
make sure it will fit in the tender before your
buy It!



ASome tenders may have internal panels,
perhaps so the tenderos c
modeled half empty

Alf you need more space, and you feel
confident, remove the panels to make space,
and model the tendero0os <co



- the tender from a
NJCB G-53sd 4-6-0

- Internal brass
panels were
removed

-0. 0400 styrene
plastic was cut to
size and glued In
place to gain room
for a decoder,
speaker, and Keep
Alive and serve as a
false bottom for coal




Top View of
Tender with Plastic
Insert

Coal Load Will Be
Glued On Top




Making Sure the Motor Is
Electrically Isolated

AThe motor will not run on AC

AAC at the motor terminals will also be
connected to the decoder output, and can
damage the decoder!



ATherefore, we want the electrical signal picked up
by the engine and/or the tender wheels to be
electrically isolated from the motor terminals

AThe only electrical signal that the motor terminals
should receive is from the decoder output.

AOur goal is to pick up the electrical signal from the
rails and connect it to the input of the decoder

AThe decoder will process the signal and convert it
to an appropriate DC voltage and current that then
goes to the motor terminals



How Can | Tell if my Motor Is Electrically
Isolated from the DCC Signal on the
Ralils?

AYou will need a Volt -Ohm-Ammeter (commonly termed a
Multimeter)

AYou can buy Iinexpensive ones In any hardware store for
around $10

AWhen you turn the di al on t he met
AnOhmso, you are reading the el ect
between whatever the two probe ends are touching

Alf you touch the probe ends together, the meter needle should
show zero ohms (a short circuit). Thus, whenever the needle
goes to zero, you have a good electrical connection between
whatever the probe ends are touching



Typical
Inexpensive
Multimeter
(analog)




Typical
Inexpensive
Digital
Multimeter




AMuItimeter with selector
switch set to measure
ohms (electrical
resistance)

AWhen probes are not
touching, resistance
between probes is infinite

ANeedle is to the left of the
dial, showing very high
electrical resistance




ANhen probes are
touching, electrical
resistance between
the probes Is zero

A\Ieedle on the meter
IS pegged to the
right, reading zero
ohms
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AWhen the locomotive Is on the track, the drivers are In
electrical contact with the rails

ATO see If the motor terminals are electrically isolated
from the rails, we therefore need to make sure they are
electrically isolated from the driver wheels

AOn all model locomotives, each side of the drivers are
electrically isolated from the other side (otherwise they
would short -circuit the two ralls).

AThe drivers on one side are usually used to pick up the
DC signal from one side of the ralls, and are in electrical
contact with the | ocomot.i

veos



AThe motor frame Is usually mounted on the
locomotive frame and attached with one or two
threaded metal fasteners, so the motor frame Is
therefore electrically connected to one side of the
drivers

AOne of the motor terminals Is usually connected to
the motor frame

AThe other motor terminal is isolated from the motor
frame. A wire from that terminal usually leads to a
pickup in the tender that connects to the tender
wheels on the side opposite the locomotive drivers
that are connected to the motor



Wire from other motor
terminal connects to
Motor frame Is in electrical electrical pickup from one
contact with one of the side of tender wheels
motor brushes (terminals)

Locomotive Frame is In electrical
Drivers on one side are in electrical contact with the motor frame
contact with the locomotive frame




ATO see If your motor Is isolated or not, simply put
one probe of the ohmmeter on a part of the
locomotive frame with bare metal (to assure good
electrical contact)

ATouch the other probe on the motor terminals. If
both terminals show an open circuit, then the
motor Is electrically isolated from the frame

Alf a short circuit Is Indicated (the ohmmeter reads
zero ohms) when you touch the probe to one of
the motor terminals, then that terminal is NOT
electrically isolated



How Can | Isolate the
\Yi[e] (o] %

AThere are two solutions

AOne way Is to isolate the motor terminal that Is
In electrical contact with the frame

AThis can be done In several ways

Aby Inserting a piece of insulating material (e.g,
el ectricianos tape, fl exi
between the brush bar and the wire spring
holding the brush bar in place



ADifferent manufacturers of motors often have
different spring arrangements to hold the
brush bars in contact with the commutator

AYou need to examine the motor and the brush
bars and determine Iif a brush that Is in contact
with the motor frame can be electrically
Isolated from the frame



Wire connecting brush
isolated from the motor to
the power supply

Isolate this brush from the motor frame by putting
a plece of insulating material between the spring
and the brush bar

Solder wire on
brush bar to
other side of

power supply

Insulated Board

Wire spring pushing on brush
bar Is connected to motor
frame here




Motor brush at bottom was in direct contact with motor frame
with two metal threaded bolts holding brass plate to motor
frame
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Motor brush is electrically isolated by replacing metal
threaded bolts with plastic threaded fasteners




Side view showing insulating block between motor
frame and brass place holding motor brush
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What if | Cannot Isolate the
Brushes from the Motor Frame?

Alf you cannot isolate the brushes from the motor
frame, then try to isolate the motor frame from the
locomotive frame

AI\/Iost open frame electric motors attach to the
locomotive frame with one or two threaded
fasteners

APut an electrically insulating piece of material (e.qg.,
electrical tape) between the motor and the
locomotive frame to electrically isolate the motor
frame from the locomotive frame



Motor frame Is isolated
from locomotive frame with
thin piece of rubber



Piece of black electrical tape cut to size
and glued onto locomotive frame where
motor attaches




AThe threaded fastener that holds the motor to the frame
can be a source of a short circuit because it iIs metal

Alf you have a non -conductive fastener (e.g, nylon or
plastic), use It to replace the metal fastener(s) that hold
the motor to the frame.

Alf you do not have plastic or nylon fasteners, put an
iInsulating washer on the fastener and make sure the hole
that the fastener passes through on the locomotive frame
' s bi g enough so the fastener

AAlSO, when you poke a hole through the isolating tape on
the frame, push it into the hole to help prevent the motor
fastener from touching the frame



AThere IS one other potential source of a short
between the locomotive frame and the motor frame

AOn some older motors, the motor shaft is In
electrical contact with the motor frame (shatft
bearings are not insulated from the motor frame) and
drivers (because the main gear on driver axle that
engages worm gear on the motor shaft is metal)

AThe armature shaft has a worm gear on one end and
drives a main gear that is attached to a driver axle

Alf the main gear Is plastic, then the gear will isolate
the armature shaft from the axle and drivers



Main drive gear is nylon or
plastic on this locomotive




Alf the gear is metal and the armature is electrically In
contact with the motor frame, then the motor frame will
be electrically in contact with the driver wheels

Alsolating the motor from the locomotive frame at the
mot or mount wonot prevent
path

Alsolating the brush bar will solve this short circuit path

Alf you cannot isolate the brush bar from the motor
frame, as a last resort you can cut the motor shaft and
put a non -conductive coupling to reconnect the two
halves of the armature shatft
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This coupling electrically
Isolates the armature from
the frame
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The shaft on this motor was cut, two couplings with
knurled ends were installed, and a plastic tube coupler
was attached



The motor Is Isolated, Now
What??

ABefore you re -install the boiler and cab assembly,
can you put a headlight on the front of the boller?
Do you want to?

Alf so, mount the headlight and feed the two wires
through the boiler assembly.

ANote that the decoder output for a light is usually
12VDC, so Iif you use an LED light, be sure to
iInclude a dropping resistor

ADO you want to put pickups on the drivers?



AYou have several options for picking up the DCC
signal from the rails

AYou can install wiper -style pickups on the
locomotive

AYou can install wiper -style pickups on the tender

AYou can install wiper -style pickups on both the
locomotive and the tender

AThe more pickups you have, the smoother your
engine will run (reduced stalling on dead spots,
unpowered frogs, etc.



Installing Pickups on the
Drivers

AOne side of the drivers Is connected to the
locomotive frame, so a wire connected to the
frame will pick up one side of the rails

Alnstall a wiper on the drivers that are isolated
from the rails

AGrandt Line makes a wiper (part #7005) that Is
easy to install



Grandt Line #7005
Electrical Pickup
Wiper



