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*Hmm. Lots to talk about. . .



First Let’s Build a Base of Understanding

* Brief History of Multi-Train Control
e Communications Bus

e Signal Encoding and Noise

e Advantages of DCC

* DCC Components

e DCC track waveform and messages



Then Cover a Few Practical Topics

DC Support — Zero Stretching
Message Sequencing
The Locomotive Slot Table and Importance of Dispatching



And Save Some Topics for Another Day

e Power Districts and Circuit Breakers

* Reversing and the Wye

* The Bus Rewiring Project and the New Extension
* Troubleshooting

* Java Model Railroad Interface (JMRI)
e Decoders (need a speaker for this one)



Multi-Train Control History,
Communications Buses and
Noise



Astrack, 1964

Analog, 5 locomotives

Up to five radio signals
send on the rails, one
per loco (100kHz to
255kHz )

Radio frequency FM
shifts controlled speed
and direction

AC track voltage was
used to turn off drive
SCR’s in the decoders




CTC-16, 1979

Analog, 16 locomotives

A repeating sequence of
16 four volt pulses was
superimposed on the
track base voltage

Varying pulse width set
loco speed and direction

Similar to early R/C
airplane “digital
proportional” coding




More trains,
please!

We are going to need
a more sophisticated
approach. ..



Try a Communications Bus

Connect devices to a common
electrical, optical, radio, etc.
transmission medium

Devices send messages of 1’s
and O’s over the bus

Each device has a unique
digital bus address

Messages typically contain a
synch sequence, followed by a
destination address followed
by some content

e Used for:
e Computer backplanes
e Peripherals (USB)
e Network routing



Lionel TMCC, 1995

FM Digital bus, 99 locos

Can control consists, sound,
lights, switches and routes,
and accessories

Digital messages are coded as
an FM radio signal sent over
the track along with the
constant AC track voltage

There are many similar
systems including MTH’s DCS




General command format
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Definitions
A—Address field: the address for the object (switch, route, 01—Extended
engine, etc.) receiving the command. 10—Relative speed
C—Command field: 11— Absolute speed

00—action D—Data field: the data being sent to the addressed object.



The Noise Problem and why DCC is So Wetrd
Different



FM encoding

e Recall FM means
frequency modulation
of a carrier frequency

e Here is a sine wave
encoded as an FM
signal



FM Encoded Binary

 Here is a binary
sequence

e FM encoded carrier
(sine) wave will be
placed onto the track
at a nominal level of 2
volts




FM signal on Track

18 volts AC runs the
trains. The FM signal is
added to that

20.00

15.00

10.00

5.00

0.00 ==

-5.00

-10.00

-15.00

-20.00

AC train voltage + FM Data




With noise, dropouts
and sparks.

Yes, the messages
are digital, but the
bits are encoded in
an analog waveform
that can be noisy

20.00

15.00

10.00

5.00

0.00

-5.00

-10.00

-15.00

-20.00

What the Locomotive sees




DCC uses a pure, 100% Digital Encoding



DCC inverts the
entire track
voltage thousands
of time a second
to transmit ones
and zeros!

This approach is
revolutionary
among multi-train
control systems



Advantages of DCC

* Improves message signal-to-noise ratio

* |s a cross-vendor standard by the NMRA, started in 1990

e Supports variable address and message lengths for extensibility

* Leaves a lot of flexibility in throttle connection and communication
* Allows operation of one DC locomotive on same track as DCC

 Following original work by Marklin and Lentz in 1988



DCC Components:

Command Station: Maintains a table of throttle-to-locomotive
associations. Sorts and priorities messages coming in from the throttles
into a continuous, sequential stream of messages for the booster

Booster: Rapidly flips track
polarity back and forth to
encode bits as track voltage

Our Digitrax DCS240 is a
combined Command
Station and Booster



DCC Components:

Power Supply: Supplies
power for the Booster.

Ours can supply up to
20 amps at 18 volts,
which easily supports
two boosters



DCC Components:

Throttle: Generates
locomotive commands

Throttle Bus (LocoNet):
Provides a bi-directional,
Ethernet-like bus to bring
throttle commands to
the Command Station.



DCC Components:

Decoder: Recognizes
commands intended
for this locomotive,
decodes them, and
takes action.

Decoders must also
rectify the track
voltage into pure DC
to run the loco motor
and onboard
electronics



Throttle
connacton

o
o

H 0



DCC Waveform

o1 0 0 110 11 O

DCC Track voltage is not really flipped in polarity such that one
direction represents zero 1 and the other represents 0.

The resulting average voltage would vary based on the
instantaneous ratio of 1’s and 0’s. Instead. ..



Instead, both logical
1 and O use a full
cycle wave, with an
average value of zero
volts.

The difference
between 1and O is
encoded via the time
it takes to complete
a full cycle.



DCC Message






So...is DCCDCorAC?

Neither!
Voltmeter readings

It is a bipolar
digital logic From either rail to ground: 0 4.5
signal

Across the two rails: 19.7 0.15
Voltmeter
readings don’t Half wave across rails: - 13.9

tell you much



DCCis a 28v
peak-to-peak
square wave pulse
train



Enough Theory, Time
for Practical Matters

e Support for DC locomotives (Zero Stretching)
* Message sequencing

* The Loco Slot Table and the Importance of Dispatching



Zero Stretching

Since any full cycle
bit longer than 90
micro-seconds is
considered a zero,
it is ok to stretch
any zeroes out

By stretching only one polarity, a DC offset is placed on the track



DC locos run as pseudo-
address zero.

Zero stretching consumes
more bus bandwidth than
normal messaging

If there is little activity on
the bus there won’t be
many zeros to stretch and
DC locos may slow down




Message Sequencing

Throttle messages arrive at the Command Station
asynchronously from the active throttles (no polling)

The track command bus is sequential, so the Command
Station sorts the pending messages by priority before
sending them onto the Booster, one at a time

This is why sound and other low-priority messages may

experience delays, especially on busy days or when Loco 0 is
active



The Loco Slot Table

Assighing a locomotive to a throttle creates an entry in the
Command Station’s loco slot table

The loco slot table associates throttle ID’s with locomotive
decoder ID’s or consist ID’s so that throttle input can be
sent to the correct decoder(s)

The table also remembers the most recent speed,
direction, and function settings for each slot
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Loco Slot Management

Slots with non-zero speed remain active when you unplug
a throttle with the assumption that you are walking to a
new throttle station

Even with your throttle disconnected, the Command
Station will periodically refresh your loco’s last known
speed and direction from data saved in the loco table

After a period of at least 200 seconds at zero speed with
throttle disconnected your slot may be reused



Loco Slot Management (continued)

Consists are never automatically removed from the table. You
must break up the consist and dispatch the locos yourself.
Otherwise the loco table will fill up (it has 160 slots).

Slots are only properly and fully released when you
disassociate a consist and dispatch all locomotives



Actual NRV Problems Resulting from
Careless Slot Management

A loco had one throttle controlling its speed, and another
controlling its direction

A stopped loco suddenly starting up with no throttle input

The loco table occasionally clogs to the point that no one
can run

— Please dispatch your consists and locomotives!



References

https://dccwiki.com

https://www.digitrax.com/

The Digitrax Big Book of DCC, in the NRV Library



https://dccwiki.com/
https://www.digitrax.com/
https://www.digitrax.com/

Topics for Another Day

e Power Districts and Circuit Breakers

* Reversing and the Wye

* The Bus Rewiring Project and the New Extension
* Troubleshooting

* Java Model Railroad Interface (JMRI)
e Decoders (need a speaker for this one)
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