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Chapter 2

TRACK OCCUPANCY DETECTION FUNDAMENTALS

Paramount to most C/MRI applications is the needHe computer to be able to determine which
sections of track are occupied. For example, kngwhie occupancy status of each signaled block is
essential to keep signals at red when the blockadhhre occupied. The computer needs to know train
location if it is automatically to control trainegd, as in display mode operations. Being able to
monitor train location at street and highway cnogsiis essential to controlling crossing flasheedls

and gates. Also, occupancy detection is mandatolaving the dispatcher monitor train location as
traffic moves across his or her CTC panel or morstween.

Even for model railroads not employing signals aatlusing a computer, adding occupancy detection
can be worthwhile. Example applications includedily lighting LEDs on a control panel to monitor
train movement in hidden trackage and to show toeieancy status of staging tracks.

THE PROTOTYPE TRACK CIRCUIT

The prototype uses what is called the “Track Cifdwi detect when a given stretch of track is
occupied. Quoting from thEhird Annual Report of the Block Signal and Train Control Commission
dated November 22, 191®erhaps no single invention in the history of thevelopment of railway
transportation has contributed more toward safetd dispatch in that field than the track circuity B
this invention, simple in itself, the foundationsnabtained for the development of practically evarg
of the intricate systems of railway block signalingise today wherein the train is, under all
conditions, continuously active in maintainingatsn protection.”

Although Dr. William Robinson patented the origicédsed-circuit concept in 1872, the track circuits
resulting from his patent are still fundamentatdiway signaling. Fig. 2-1 illustrates the elensmt
nature of the prototype track circuit.

Starting from the positive terminal on the trackiég and its current limiting resistance, the euatr
flows through one rail, through the track relay #sderies resistance and back through the omposit
rail to the negative terminal on the track battdilyis closed circuit path results in the track yddaing
energized when the block is clear. In this simetifsignaling example, when the track relay is
energized, “picked-up” in signal maintainer terntowy, the front contact (the one closest to thayel
coil) closes and lights the signal green, i.e.lloek is clear. The resistance placed at the haliteits
the track current drain with shorts placed acrbesails and the resistance at the track relaychetsit
sensitivity.

Fig. 2-2 shows the situation when the block becoowesipied. As the wheels and axles of cars and
engines move onto the track circuit, they provigeth from rail to rail through which the track mamt
flows. This action robs the track relay of its @nt, causing it to become de-energized, or “drogydw
in signal maintainer terminology. This opens ttanfrcontact and closes the back contact (the one
furthest from the coil) causing the signal to chafrgm green to red. In summary the prototype’skra
relay picks-up, i.e. is energized, when the blackléar and it drops-out, i.e. becomes de-energized
when the block becomes occupied.
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Fig. 2-1. Simplified diagram of a prototype track circuitiroccupied

The track circuit is designed to maximize fail skfatures. For example, by placing the track ralay
one end of a signaled block and the track battetlyeaopposite end, any broken rail within the algn
block will de-energize the track relay and setglgmal(s) leading into the block at red. The sasnteue
for a broken wire bond and a rusty joint, a deadKibattery, a loose connection anywhere in thektra
circuit and an open track relay coil.

The track relay is constructed with a heavy arngapasitioned such that gravity, rather than theblsu
spring that can fail, causes the contact to faljrop-out, when not energized. Furthermore, thatfr
contacts employ silver-impregnated graphite agaihgtr, a combination which has low resistance for
normal operation but will not weld together shoaldery heavy current be encountered, such as might
be associated with a lightning strike. All movingimts are sealed in a glass case for protectiometls

as providing easy inspection by signal maintengeeeonnel. In fact, all relays and associated
components used in line, i.e. trackside, circunitsyhich they control the actual displaying of stg)

are defined as “vital” components and are desigmeimanufactured to an exceptionally high standard
of reliability.

For simplicity, Figures 2-1 and 2-2 show the traglay directly controlling the signal aspect. Hoeev
in reality this is seldom, if ever, the case. Aswikk see in subsequent chapters, there is mucle rir
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effective signaling than simply looking at blockcapancy. The track circuit provides a vital input t
other vital circuitry that checks for the alignmefturnouts, previously cleared train movements,
along with a multitude of other functions that mhstchecked before a signal can be cleared. To
achieve an effective signal system on our modé&bads we must make many of the same checks.
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Fig. 2-2. Simplified diagram of a prototype track circuibecupied

Although the first exposure to the track circuih@asily leave one with the false conclusion thasa
understood, there are many factors that make gymdtack circuit design a complicated engineering
challenge. Each factor affecting track circuit pemiance must be thoroughly considered to insure saf
operation over wide extremes in temperature, dasgpmail joint tightness, type of ballast used,
foreign material imbedded in the ballast, rustahand wheels, etc.

A typical track battery has an output between 12rdlts. Typical track relays have a coil resis&n

of approximately @ with drop-away and pick-up currents of say 50 40dmA, respectively. Typical

rail resistance varies from .015 to (Wper 1,000 ft of track with rail joints providing &ven bigger
impact. Ballast leakage resistance can vary fras fean one ohm to hundreds of ohms per 1,000 ft of
track.
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The federally legislated requirement is that a slisimort circuit) across the track of @&®r less must
show up as block occupied. Resulting from all af,tbomplete engineering theses and books are
written describing how to optimize track circuitngponents. To manage the wide parameter variations,
while maintaining high reliability of avoiding al&e clear or a false occupied indication, trackuis

are usually restricted to less than 4,000 ft. Wlhager signal blocks are needed, the prototype
typically divides the block into “cut sections” Wwita separate battery and track relay used pesecti
Relay contact logic combines the two or more catisas into a single signal block.

Although not as severe as on the prototype, madkebaders can also experience wild changes in the
resistance between the rails. For example, Stephdfett, an active user of the C/MRI on his
basement located O-scale railroad, reports thangltine dry season his blocks can easily measure
4,000,00@ or greater and during the wet season they catyehep to around 40,0@D— a 100 to 1
range! Dampness, as well as the type of ballasghrelused, can play havoc with some commercial
signal systems. To obtain maximum performance bybor detectors while avoiding climate change
problems, it is best always to select an occupdetgctor with easily adjustable sensitivity.

Some commercial detectors achieve their “adjustroagpability” by advising you to unsolder and
insert a different resistor or to wind a differewimber of wire-turns through a transformer corenieo
these are extremely poor substitutes (making thects nearly worthless) compared to supplying a
sensitivity adjustment potentiometer. Detectordhotv sensitivity and those not including a
potentiometer for adjusting the sensitivity shooédavoided.

There have been a countless number of times thettaders have called or emailed me with theirdals
clear or false occupied detection problems usiagdx detectors — those with either low sensitivity
and/or without an easy sensitivity adjustment. Mainyilar problem declarations have been posted on
the various command control user groups as wealhatie C/MRI User’s Group.

The fundamental truth is that replacing brand-hvaittruly optimized detector like the DCCOD or an
OD — with their high sensitivity and built-in setrgity adjustment — quickly cures the problem. a&e
advantage of these important features and numetbes benefits, most of this handbook will be based
on using the DCCOD and the OD.

ADAPTING THE TRACK CIRCUIT TO OUR MODEL RAILROADS

Because most two-rail model railroads use the taiipply the power essential for train operatibs,
prototype’s track circuit is not directly applicabMe can not have our rolling stock introduceatire
shorts across the track to activate the signaésysin contrast, at age ten on my original Lion€2D
Sunset Valley 3-rail setup, | did insulate onehaf butside rails and use the shorting action ac¢hass
wheelsets to activate my signaling system.

A specialized detector for 3-rail AC powered radlds has been developed by C/MRI user John
Shankland. This detector takes advantage of thatgn where each wheelset has a direct electrical
connection between the wheels. For those interedtduh is willing to share his design and becase h
is a frequent contributor to the C/MRI Users Grdup|s very easy to reach. Alternatively you can
check out his railroad and C/MRI setup at www.jaists.com. By contrast, in most two-rail model
railroading applications, live steam and operatidth overhead wire being exceptions, if a direairsh

is placed across the track, train operation widlsme
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Early attempts to implement two-rail detection ussgthanically activated contacts or magnets
attached to engines to activate reed relays mounte roadbed, or photo detectors that triggeed
trains passed overhead. There are still some dzedapplications where the photo detector proves
useful, the most notable being detection wherg#pbetween two cars is precisely centered over an
electro-magnet for computer controlled uncouplifigerefore, in Chapter 30, | will show how Don
Wood recommends assembling different componentgyube JLC provided standard SMC12 circuit
board to create 12 photo detector circuits.

With the introduction of the transistor, the Twird&tector (introduced by Linn Westcott in the June,
July and August 1958 issuesMidel Railroader) became the most popular means of two-rail
detection. | long ago replaced the Twin-T detectssd on the original HO scale Sunset Valley with
the OD. Then, later on when the SV was conveddd@C, the ODs were sold and replaced with
DCCODs. Nevertheless, there are still many modeledsing use of the Twin-T, and many have their
Twin-T detectors interfaced into the C/MRI.

Optimized Detection Using DCCOD and OD

If you do not yet have track occupancy detectostaited, give serious consideration toward usirgg th
OD for DC equipped layouts and the newer DCCOLDGC equipped layouts. Both designs are well
optimized, with over 60 years experience in modéigading and with over 50 years experience in
industrial and aerospace electronics applied to tfevelopment. The DCCOD and OD both work
extremely well and provide 100 percent guaranteedpatibility with the C/MRI. The DCCOD is also
guaranteed 100 percent compatible with all brafid®QC equipment.

The DCCOD and OD are two of the most popular Jlr€udi cards. Their application to show block
occupancy is basic to any signal system. Tensaefglands of the DCCODs and ODs are installed on
railroads, many of which do not yet have a computemever | like to think that each of these
railroads is a prime candidate for adding a compute

Due partly to the high sensitivity of the DCCOD &BB, their performance is reported by users as
exceptional. For example, with the sensitivity cohturned up, a finger placed across the track wil
show the block as occupied. If you find that cutleakage through the ties and ballast, espedially
times of high humidity, causes a clear block tovelas occupied, simply turn down the sensitivity
control until the block shows clear. Converselyafi have an occupied block that shows up as clear,
simply turn up the detector’s sensitivity.

Prototype railroads have infinitely more problemthvalse clear and false occupied indications than
we do with our models. Whole chapters in prototsigmaling books deal with the subject of how to
make the track circuit highly reliable over widegas of climate and ballast conditions. Years of
research have been expended to optimize the traktalesign. But how many times have you
approached a grade crossing on a rainy day andl finered lights flashing and the bell ringing and
not a train in sight? An even more serious probdenthe prototype is to have an unloaded flat cén wi
rusty wheels setting on rusty track and the tracud showing the block as clear.

| consider the application of the OD and DCCODrapartant that | have devoted a complete chapter
to each. Chapter 3 covers the OD and Chapter B@@OD. However, at this point a brief
introduction showing each detector is appropriate:

* Optimized Detectors (OD). Installing the JLC OD cards, designed for DC raitts, is a great
way to start building toward a more complete coraputiterface. You can use ODs to indicate
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occupancy status of hidden trackage and/or drivied.&n your track diagram as trains progress, or
automatically to control polarity in reverse blocKgith detectors installed it is a natural stepise
the C/MRI for signaling. You can use the ODs witB©®but for systems employing more than one
DCC booster, the wiring with ODs can become morapex. Therefore, if you are starting from
scratch on a DCC equipped railroad, | recommentythia use the new special DCC version of the
OD - the DCCOD.

* DCC Optimized Detectors (DCCOD). This is a new version of the OD, designed spedifidar
Digital Command Control (DCC) applications. The DQQ takes advantage of the bi-polar pulse
inputs available from DCC. The detector’s power gralind connection plus the detector’s output
are totally isolated from the track wiring. Thisywhe DCCOD works independently of whether or
not your railroad is set up for common rail wiriridhe DCCOD is also the preferred choice for
other pulse-type command control systems such & I6E, CTC-80 and Railcommand.

Fig. 2-3 shows the OD, Fig. 2-4 the DCCOD and Bi§.shows how the detectors plug into the
Optimized Detector Motherboard (ODMB).

Fig. 2-3. OD provides optimized block occupancy detectiand@ equipped railroads — Rev J

The DCCOD looks much like the OD and you can edsilg both units in the palm of your hand. The
one significant difference in appearance is thatRIECOD uses a special pulse-type current-sensing
transformer in place of the dual high-current dedsed to sense current flow with the OD. This
transformer is rated at handling input current$aupOA so there is little concern about short dicu
overloading the DCCOD. Although the DCCOD is speeify optimized for DCC layouts, we will see
in Chapter 4, where we will cover the DCCOD in dethat it is also the preferred choice for other
pulse-based command control systems, such as Reilaad, PMP-112, CTC-80 and CTC-16e.
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Fig. 2-4. DCCOD provides optimized block occupancy detectarDCC equipped railroads — Rev E
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Fig. 2-5. Both OD and DCCOD plug into same ODMB for easyingr(ODs illustrated here)

The OD, designed specifically for DC layouts, iscalisable with DCC layouts. However, in doing so,
the layout wiring can become more complex, i.eesslyou have optoisolated boosters. We will cover

this topic in detail when we focus on the OD in Qtea 3.
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The OD and the DCCOD incorporate many advantagesailother detectors on the market. These
include such features as very high sensitivityltbaipotentiometer sensitivity adjustment, and
separately built-in turn-on and turn-off delaysrimimizing dirty track problems. A built-in monitor
LED activates without delays to provide instantugzancy indication, for easier setting of sensiivit

Both the OD and the DCCOD detectors are modulas dor easy plug/un-plug system debug and their
open collector outputs drive almost any load. Bedhily fit any budget and are available as baredsoa
only, complete kits or fully assembled and tesfdternatively, artwork has been provided via Model
Railroader for those who wish to etch and drillitlesvn boards.

Additional features provided by the DCCOD includensformer isolation to keep all track wiring
totally separate from all signal logic wiring, ibvks with all brands of DCC equipment, independentl
of whether the DCC boosters are optoisolated, andndles track currents up to 20A. Using it is a
shap to provide detection in any type of revers@ land it is fully compatible with all brands of
electronic circuit breakers such as Tony’s Poweel8f" and NCE EB1™ and EB3™.

Because the ODMB motherboard works with both detscits application is covered in this chapter.
Alternatively, if you prefer, you can forget the ®IB altogether and wire each detector directly into
the block it detects.

Non-JL C Brands of Detectors and Compatibility with the C/MRI

Facsimile adaptations of the ODs, with several dp@imost direct copies, are produced by several
manufacturers while other manufacturers produce tiven designs. Fortunately, most known detectors
will work directly with the C/MRI.

Detector brands that interface directly to the CIMB the best of my knowledge, include the Ataras
Engineering BD8 and BD16, Circuitron BD-2, Integ@iSignal Systems DTA, NCE BD-20, Parkdale
Hobby Products D-1000 and TracTronics DetectTrain.

In rare instances an adapter circuit may be reddoeinterfacing a particular brand of detectothe
C/MRI. Such examples include the Digitrax BD1, BBQL162 and BDL168, all designed to interface
into Digitrax’s proprietary LocoNet™. The best wayinterface these detectors to the C/MRI, or to
any other 5Vdc TTL compatible system, is to make afsthe detector’s “external LED connection.” In
Chapter 5, | will show how to make this connectiosing an appropriate adapter circuit.

Most manufacturers can tell you if their produeadily interface with the C/MRI. For example, iéth
detector outputs are defined as being TTL logic gatible you most likely can use them with the
C/MRI. Alternatively, if the detector’s output i® @pen collector transistor, as are most of thev@bo
listed detectors, excluding those from Digitraxnay be connected directly to an input pin on dne o
the C/MRI input cards.

Most detectors provide a logic low output whenltkeek is occupied, Digitrax being an exception.
However, it does not matter if “occupied” is reeted by a logical high. The C/MRI software can be
configured to handle either logic case.

The majority of current sensing detectors on theketeoday incorporate a pair of parallel connected
opposing diodes in series with the track feederelMinack current passes through either diode it
creates a voltage drop that is sensed by the ramyadletector circuitry to show that the block is
occupied. Diodes are used rather than a resistause the corresponding reduction in track voltage
never greater than one diode drop, about 0.7V, avéigh track currents. With the OD, a

2-8



potentiometer is placed in parallel with the digdeowed by a high-gain voltage-comparator 1G th
LM339, to give the OD high detector sensitivityttigauser adjustable.

It is very important that the detector diodes ated at more current than your track power packabr
supply, can provide. When a derailment, or somgtkise causes a short circuit, all the track ctirren
passes through the detector’s front-end diodehidfcurrent exceeds their rating, the diodes will
overheat and be destroyed. Also, when applied t€ 0&st recovery type diodes should be used so as
not to distort the approximate 8kHz waveform pagsimough the diodes.

This brings me to the topic of detector repairépilDetectors that use surface mounted componeats a
difficult to repair and in my mind should be avaid®etectors that use double-sided circuit boares a
also more difficult to repair because with platlebtigh holes each part lead is imbedded in soltler a
the way through each hole. Single sided boardshidnag wide thick traces for handling track current
with a heavy-duty connector are important consioncfeatures to seek out when choosing between
different detectors.

If you already have another brand detector, ortaatier that you are not sure about, and the
manufacturer can not seem to answer your questiovesme a call or better yet post a message to the
C/MRI User’s Group. It is likely someone in the Wse&Group is making use of the detector in question
and can help you with interfacing to the C/MRIydiu already have a detection system installed on
your railroad, you can almost certainly use it vilie C/MRI.

RESISTANCE WHEELSETS

Current sensing detectors can do a great job degeehgines and lighted cars but to have them
effective for all other pieces of rolling stock ynaed to add resistance to at least one wheelsetiy
non-lighted car. In the original C/MRI series in 8 Railroaderl illustrated how | drilled holes in
metal wheels to add a standard Q1R/8W resistor to my HO-scale wheelsets. Howewrich easier
methods are now available.

Using Commer cial Resistance Wheelsets

At least three manufacturers provide replacememabgets with built-in resistance:

» Jay-Bee, P.O. Box 7031, Villa Park IL 60181
» Logic Rail Technologies, 21175 Tomball Parkway, kton TX 77070.
» W.S. Ataras Engineering, PO Box 25, West Terre elait 47885-0025

Jay-Bee manufactures the wheelsets by incorporati@W wire-lead resistor that is compression
mounted along a special split axle. Altaras andid. &ail use a surface mount resistor chip mounted
across the insulation gap. The wheelsets are &laila HO- and N-scale in various wheel sizes and
resistance values.

Replacing one resistor wheelset per car is sufftcieut many modelers use two resistor wheelsets in
each caboose and | know of at least one who isdtallr per caboose. Incorporating these extra
wheelsets builds in a bit of extra reliability fmrotecting the rear of your trains. Other modeless

two resistor wheelsets in every car — typically miing one at each car end for maximized protection.
Jay-Bee provides standard values of 1K, 5K, 10K a06d 39K ohms with about 70 percent of the
sales going with the 2@k value.
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However, 20K is too high to activate many brands of detectotsitore than adequate for the OD and
the DCCOD. Jay-Bee also provides any other resistaalue desired as a special order. Logic Rail
Technologies wheelsets are all Thkwhich can be too high to provide reliable singleeelset
protection with many brands of detector but worefivith the OD and DCCOD. The wheelsets from
Ataras Engineering use 5Qkwhich should work fine with all but the very lowesensitivity detectors.

Determining Correct Resistance Value

Whether you use commercial wheelsets or you malkie g@n, the main question is, “How can one go
about determining which value resistance to use@stMetector manufacturers, if asked, will tell you
their detector’s sensitivity. This is defined as thaximum resistance value detected or more frélyuen
as the threshold current detected.

Comparing the data with Table 2-1, which showsr#lationship between wheelset resistance and the
resulting current and power dissipated within #&stor, for both DC railroads at 12V and for DCC
railroads at typically 14.2V, it is quite straightivard to determine the resistor requirement fahea
brand of detector.

Table 2-1. Wheelset resistance, current and power dissip&ioBC and DCC applications

DC Railroad at 12V DCC railroad at 14.2V

Resistance Current Power Current Power
Value (Q) (mA) Dissipated (W) (mA) Dissipated (W)

1K 12.0 144 14.2 .202

2K 6.0 .072 7.1 101

5K 2.4 .029 2.84 .040

7K 1.7 .021 2.03 .029

10K 1.2 .014 1.42 .020

15K .8 .010 .95 .013

20K 6 .007 71 .010

Note: The resistance listed above, in the case of DC railroads, must be the sum of
the bias resistor and the wheelset resistance. Thus, for quality detection the wheelset
resistance must be selected to be that obtained from the above table minus the bias
resistor (used so that blocks where power is turned off are still detectable). See
Chapters 3 and 26 for details.

As an example, let us look at the sensitivity gatavided with the NCE BD-20 detector that uses the
identical pulse-type current-sense transformersasl with the DCCOD. For the BD-20, NCE
recommends that you run the track feed wire froenkiboster through the transformers core hole on its
way to the track as illustrated in Fig. 2-6.

To Track

To Signal ’T
System ( = =0

Fig. 2-6. Wiring a NCE BD-20 detector to the track (drawprgvided courtesy NCE Corp.)

From Booster
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The sensitivity of the BD20 is controlled by thewmer of passes the track feed wire makes though the
transformer. In addition, the instructions cautibat you are limited in the number of turns pereat
without damage to the detector, as a function efrétted booster current. | have summarized this
information for you in Table 2-2 where the shadezha are Non-Permitted Operation (NPO).

Table 2-2. Quoted NCE BD-20 detector current sensitivity

Rated Booster Current

Number of Passes Quoted Current Maximum
Through Sensitivity Resistance 4 Amp 5Amp | 10 Amp
Transformer (mA) (Q)
1 8 1.78K OK OK OK
2 4 3.55K OK OK OK
3 25 5.68K OK OK NPO
4 1.9 7.47K OK OK NPO
5 15 9.47K OK NPO NPO

For example, using a 5A booster with the BD-20, sioeilimited to a maximum of 4 passes through the
transformer, which results in 1.9mA sensitivity.itggthe relationship established in Table 2-1, this
compares to a maximum allowable wheelset resistahabout 7.5R. A 4.7KQ is suggested by NCE

to provide a 1.6 to 1 margin. My experience shdves teliable detection requires using a resistreva
much less than the theoretically calculated valineis, in the BD-20 case you might want to go with a
3.6kQ, providing slightly over a 2 to 1 margin.

In general, even higher margins are desirableekample, the diode-type DetectTrain™ detector,
designed by Rich Weyand of TracTronics is rated sensitivity level of 30R. However Rich
recommends using a wheelset resistance aR10kprovide a 3 to 1 margin. By contrast the DCCOD
displays a typical sensitivity up to around 80&nd with it, | use 2QR resistance wheelsets fora 4 to 1
margin. The higher the margin achieved the greater detection reliability. For this reason, | am
seriously considering adding a secondQQksistor set per car that would increase my detect

margin with the DCCOD up to 8 to 1!

However, independent of whatever brand of detegiarmay be using, do not fall into the trap of gsin
too small a resistance value as this can resudtsistor overheating which leads to resistor failas

well as possible car and truck damage. For examplag 14.2Vdc track power with DCC and &x.k
resistor gives you a power dissipation 6fR/or 14.2/1000 or .202W. This exceeds the rating of the
1/8W size resistor used in the Jay-Bee wheelsetsIa surface mount resistors used in most other
wheelsets. If used, this would likely result inisgésr failure and possible damage to any plastitspa
located near the resistor.

In summary, keeping your wheelset resistors atX1 @k higher, is best, provided that this value of
resistance will reliably trigger your brand of deita. Alternatively, where required to satisfy aem
brand of detector with lower sensitivity, such las BD-20, and many other brands of detectors, go to
lower values of resistance such as ©7R.6kQ or 2.2K2. However, never go so low that you exceed
the power rating of the resistor. Where your neggigoach the power rating of the resistor you are
better off keeping the resistance value higherwamag two, or more, resistance wheelsets per car.

Another factor to consider when selecting resistambeelsets is the extra load they place on the DCC
booster, or in the case of DC, the throttle’s posairce. Table 2-3 shows the total current drawa as
function of the wheelset’s resistance value anddte number of wheelsets on a DCC equipped
layout.
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Table 2-3. Current requirement as a function of resistan¢@evand number of wheelsets

Number of Wheelsets and Current Drain in Amps

Wheelset
Resistance (Q) 1 100 500 1000 2000
1K .0142 1.4 7.1 14.2 28.4
2K .0071 71 3.6 7.1 14.2
5K .0028 .28 1.4 2.8 5.7
10K .0014 .14 71 1.4 2.8
15K .0009 .09 47 .9 1.9
20K .0007 .07 .36 7 1.4

It is easy to see from Table 2-3 that the totatentrdrain becomes substantial when selecting low
resistance values and a large number of wheelRatexample, let us say you have selecteda 2k
resistance and you have 500 cars with 2 resist&heelsets installed per car. Entering Table 24Bén
column for the 1000 wheelsets, the total curreairdcaused by the Zkwheelsets is over 7A. At Tk
the current would be 14.2A. Staying at @)lor higher, the total current drain is not realfymuch
concern even for the largest of layouts.

Making Your Own Resistance Wheelsets

It is difficult to beat the simplicity of slippintp commercial wheelsets with built-in resistanaat, ib

you would like to make up your own resistance weetsl, it is really very easy. Also, because adding
resistors to wheelsets that one already owns offeosl savings, this is a procedure that many users
follow.

What | find extremely interesting, is that eachrusmems to develop his own unique approach to
selecting the type of resistor and its mountinghmét For example, some users make use of “regular”
1/8W resistors with wire leads while others uséedént sizes of the more modern surface-mount
resistors. Some attached the resistor using regplaxy and then use “conductive paint” to connkeet t
ends of the resistor to each wheel. Others makefus®nductive epoxy” while others simply use
conductive paint to hold the resistor in place. Gigmificant difference between approaches depends
upon whether your axle is metal or plastic.

There is no way | can cover all the different taghmes in this handbook, partly because of space
restrictions. | am sure there are many technigsare used of which | am not aware. Fig. 2-7,
however, does provide examples of 5 popular methods

Fig. 2-7a illustrates using a 1/8W wire lead resistith a metal axle. By placing the resistor nidsar

end with the insulator you avoid the possibilitytioé second lead touching the axle which would eaus
a short against the insulated wheel. Conductiveygmn epoxy with a dominant silver content aslist
in Table 2-4, is used to secure the ends of the lgads to the inside wheel faces making sure
everything stays well clear of the flange areardpdof regular epoxy, or CA, can be used to sethee
resistor to the axle if required although oncedbeductive epoxy sets, everything is well secured.

Fig. 2-7b illustrates about the same situation piktat with a plastic axle the resistor can be med
anywhere along the axle. Typically near the ceptént is the most convenient.
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1/8W resistor attached to axle with 1/8W resistor attached to axle with

regular epoxy and leads formed as regular epoxy and leads formed as
shown with ends connected using shown with ends connected using
conductive epoxy: conductive expxyr
. | pE—
Metal axle Insulation Plastic axle
a) Metal axie with wire lead resistor b) Plastic axle with wire lead resistor
1/10W surface mount resistor with 1/10W surface mount resistor with
ends connected to each wheel using ends connected to each wheel using
using conductive ink using conductive ink

2\

rs

/

Plastic axle

Metal axie Insulation

Painted layer of insulation using
Overcoat Pen or Testors enamel

c) Metal axle with surface mount resistor  d) Plastic axle with surface mount resistor

1/10W surface mount resistor
secured across insulation gap
using conductive epoxy

Metal axle Insulation
e) Metal axle with angle mounted surface mount resistor

Fig. 2-7. Different approaches to making your own resistameelsets

Fig. 2-7c illustrates using a 1/10W surface moeststor with a metal axle. An insulating stripe is
painted along the axle using an “Overcoat Pen” Tsd#e 2-4, or a thick coat of Testors enamel found
at most hobby shops. The enamel costs less buakar? days or so to dry. Use a small drop of CA to
secure the resistor taking special care to keepltleoff the very small metal ends of the resistor
Once the CA is cured, use the Conductive Ink PaNioe Glue to connect each of the two resistor
ends to its corresponding wheel. Alternativelyati are really good and with a little practice yaun
simply lay the first track of the conductive paamtd use the paint to stick on one end of the @sist
Then once this dries, lay the second track of cotiel paint.

Fig. 2-7d illustrates about the same situation pkeéth the plastic axle you eliminate the step
concerned with laying the insulation strip along #xle. Fig. 2-7e illustrates a method in which you
can eliminate laying down the insulation strip evath the metal axle by mounting the surface mount
resistor on an angle to transition across the atsdlring. This approach can be a bit tricky and ho
successful it is depends upon your dexterity archianner it which the insulation is installed ie th
wheelset.
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No matter which technique you use, once your wie¢lksre cured, be sure to use your VOM to check
the resistance between the two wheels to makeitsmaches the value of resistor that you are using
A reading close to zero means that you goofed antthow created a short circuit between the two
ends of the resistor. Sometimes you can use a NEatto blade to cut away the offending short but
the best approach if this happen is to break ahaydsistor and start over.

A very high, or open circuit reading, means thait jailed to complete one, or both, circuits between
the resistor and its corresponding wheel. Closgalimspection, typically using a bright light aad
magnifying glass, will reveal the culprit or youncaack down and correct the problem using your
VOM.

The materials required can be purchased from Mowgkrthe part numbers and approximate cost data,
as of October 2014, listed in Table 2-4.

Table 2-4. ltems usable for creating your resistambeelsets

Mouser Part No. Item Description Approx. Cost
5168-2400 Silver Epoxy Kit — 2-part quick cure - .25 ounces $111.66
5168-2200ST Conductive Pen — standard tip — dries 2-3 minutes $45.33
5168-3300G Overcoat Pen — green — optional $21.03
260-Value-RC 1/10W surface mount resistors — case size 805 $1.50 per 100
299-Value-RC 1/8W 5% carbon film wire lead resistors $2.80 per 200

Note: For the resistor part numbers insert the actual value of resistance desired in place of
“Value” such as 2.2K, 4.7K, 10K, 20K, etc.

The resistors themselves are very inexpensivethietitems for their application are not cheap.
However, you use very little application material gvheelset so one purchase will likely do your
whole railroad and probably those of your friendsell. The biggest challenge is the Conductive, Pen
which because everything is premixed within the, jiteimas a rated shelf life of 12 months. Many
modelers use Conductive Glue, available e.g. at vaelectronics.com and frequently called Wire
Glue by other suppliers. Because it is a grafiileed product it is much less expensive than tihes
based products listed in Table 2-4. | find the setwy its application is to keep it well stirreddanait

until it is thoroughly dry, e.g. overnight, befarbecking the resistance of each wheelset. Onazkelle
OK, I find it desirable to apply an overcoat of @Ahelp insure a long-lasting reliable connection.

Because all the above noted processes appeaquitbaedious, many modelers shy away from doing
their own resistance wheelsets. However, once gothg hang of it the process can move along quite
speedily. For example, C/MRI User Bruce Carpenter owner of the BNSF layout featured numerous
times in the modeling press and in Allen KellegBseat M odel Railroads Video collection, reports

that he can easily complete 200 wheelsets whilehirg a football game on TV.

As another example where a large number of resistauneel sets are being assembled, John Morrison,
the General Manager of the Golden State Model &adliMuseum, www.gsmrm.org and a C/MRI user
reports that;We glue a surface mount resistor (size 1206 -ltingest they make) to the axle with a drop of CA.
We butt the resistor against the nylon insulateshing so that one contact is against the wheelnTive apply

“Wire Glue” with a toothpick to one end (connectitagthe axle) and the other end (connecting tosheel). You

can use cheap black paint (e.g. Testors) to cdwerassembly, if desired. Once the assembly isngdryest each
wheelset for the correct resistance.”

John reports that they find that Wire Glue workt#drghan anything else they tried. Additionallyisi
cheap! Available at Electronic Goldmine (www.golaielec.com), part number G16133; and when
they bought theirs it was “on sale” for $2.75. ishwork great, because John says that they are
already on their second reel of 5000 resistors.
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As a last example, Lee Nicholas, a prominent C/Bliporter and contributor to the C/MRI User’s
Group, is quite famous for his technique of dingsthldering resistors to Intermountain Wheelsets. H
has done over a thousand for his Utah Colorado &esind has been known to do them for a nominal
fee for others. Lee can be reached via his popalgoad website www.ucw.com.

IMPORTANCE OF HIGH DETECTOR SENSITIVITY & BUILT-IN ADJUSTMENT

Probably the best way to demonstrate the importahbéh sensitivity detection is to take a typical
piece of rolling stock equipped with a resistande@lset and lightly push it along a piece of flagk,
separate from your layout, while you measure teestance between the two rails using your VOM.
Typically, as you roll the car, your meter readimitj be very erratic, covering the range from tredue
of the wheelset resistance all the way up to narify, an open circuit. Fundamentally, you are
measuring a point contact between wheel and rdilexen with relatively clean track and wheels you
encounter minute particles of dust, etc. resulitindpe measured resistance frequently varyinguelse
much higher than the wheelset’s resistance. Thdemtlae scale and the lighter the car, the more
erratic are the readings.

Perform the above test with average, or worsearailwheel cleanliness conditions, and you might
wonder how quality detection of a single car isreachieved. This is where the detection time delays
and the very high sensitivity built into the DCC@Bd OD become so very important.

¥ mportant Points****

1. If you seek quality detection of a single car, aghtwell be all
that is occupying a short OS section in CTC tenyitthen
absolutely you need high sensitivity detectors.

2. If you are going to operate with maximized sengitjithen you
need detectors with an easy to perform sensitadijystment.
This is the only way that you can tweak the deteibeach
particular track section for best detection, whanN®iding false
detection.

MEASURING DETECTOR SENSITIVITY

A handy, but not very precise test to evaluatetaaler’s sensitivity is to place a finger across th
track. If that causes the block to show up as aeclihen the detector has the potential to be a goo
detector. A more quantitative test is to use them@ometer and resistor clip lead assembly ilktstl
in Fig. 2-8.

Potentiometer 1/2W

50Kohm - Jameco RV24A-10-15R1-B503
100Kohm - Jameco RV24A-10-15R1-B104

) Clockwise rotation increases resistance

2.2Kohm resistor 1/2W
[red-red-red]

V V Clip leads connect across detected track
section to measure detector sensitivity

Fig. 2-8. Clip lead assembly for measuring detector serisitiv
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To perform sensitivity testing, use the clip leadembly in Fig. 2-8 and with your track power tutne
on (set to 12Vdc if using conventional DC), exedhiefollowing steps:

1. On the detector to be tested, turn its sensitatjpstment (assuming that it has one) all the
way up as far as it will go until a clear blockicates as occupied. Then back off the
sensitivity adjustment just a little until the bloindicates as clear.

2. With the test potentiometer resistance set to @gimum, clip the assembly across the track
and the block should still show up as clear. If then you will need to use higher resistance
values in your test circuit.

3. With the block showing clear, rotate the test ptteneter counterclockwise, to reduce its
resistance, to the point where the detector shbevblock to be occupied.

4. Remove the clip leads and connect them to youroluit meter (VOM) to measure the
combined resistance of the test resistor and potaater. This reading is the sensitivity of
your detector.

The separate resistor is required in series wihpthtentiometer to prevent burning out the
potentiometer if it is rotated too close to its imam resistance setting.

Typically, you will be able to set detectors at §¥8tions to higher values than longer blocks bexaus
OS sections have less leakage resistance and amaccoupling between the rails. Fortunatelys it i
the short OS sections where you need the highsesitisety.

****Key Points****

e By using detectors with an easy to use built-irsgesity adjustment, you can
quickly adjust each detector’s sensitivity to itaximum value, taking into
account the unique characteristics of each trackose

* In this way, shorter detected track sections, s1c@®S sections, will typically
be able to be set to greater sensitivity whichxecdy what is needed for
reliable operation.

« By contrast, longer blocks, with higher inhererstidage resistance and
capacitance coupling between the rails, will temtie set to a lower sensitivity.

* The net result is that with each and every detead@usted to its maximum
sensitivity setting, you achieve the best possiclaupancy detection for your
entire railroad.

Fortunately, with the DCCOD and OD, you will selddrever experience lack of detection problems.
However, even with the OD, when used with converaidC powered trains, there are a few special
situations where it is possible to obtain falseadations and | will cover these in detail in ChaBel
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will also show you additional steps you can takentnimize loss of detection problems.

TESTING DETECTOR OPERATION

The above test is an effective way to accuratelgguee detector sensitivity. However by itself,olly
are using the OD or the DCCOD, it does not guagatitat your detector is totally functional. This is
because the primary purpose of the LED built in®detector is to aide in setting each detectdsto
maximum possible sensitivity without indicating thaablock is occupied if it is in fact clear. To kea
this adjustment easy and quick to accomplish, rieisessary to position this LED, electrically spegk
ahead of the detector’s built-in turn-on and tufindelay circuitry. For example, if the LED was pé&d
after the built-in delays, then you would need titwp to 3.5s each time you rotated the potentieme
a small fraction, to see if the LED came on or ®ffis would make setting detector sensitivity ayver
long and impractical process.

Because of the electrical location of the LEDt fiunctions properly you can be assured only that t
front portion of the detector is working propeiilg. the portion before the circuit delays. Therefdo
totally check that the overall detector is opemtiorrectly, it is important to check its outpuhigis
easily accomplished by using the clip lead assemsiobyvn in Fig. 2-9.

[orange-orange-brown] with short lead (cathode) wired to resistor

[ Vv

Clip lead connects to Clip lead connects to
Vout terminal on ODMB +5Vdc supply voltage
for detector to be tested

3300hm resistor 1/2W Q LED - Jameco 333850 or equivalent

Fig. 2-9. Clip lead assembly for testing detector operation

To perform operational testing, use the clip lesseanbly in Fig. 2-9 and with your track power tutne
on (and set to 12Vdc if using conventional DC),aite the following steps:

1. Attach the positive end of the clip lead assemblthe +5Vdc power and attached the
remaining clip lead to the output terminal screwsut/ corresponding to the detector to be
tested.1]

2. Assuming the detector is still adjusted to its maxin sensitivity setting, then occupying the
block should light the clip lead’s test LED, as lhad the LED on the detector.

3. Conversely, when the block is clear, neither LEDwH be illuminated.

[1] Alternatively, for situations where you do not baxour +5Vdc supply handy, you can change the
resistor value in Fig. 2-9 to the LKvalue [brown-black-red] and attach the positivip t#ad to the
+12Vdc terminal on the ODMB rather than to +5Vdowgver, to avoid possible damage to any
C/MRI inputs when using 12Vdc, it is important take sure that the Vout terminal on the ODMB is
not also connected to a C/MRI input pin. Anytimenapply more than +5Vdc to a C/MRI input you
will very likely damage the input buffer IC whichill\need to be replaced. Also, if using the 5Vds, i
supply ground needs to be connected to the 12Malengk; which is the case when using a surplus
computer power supply.

2-17



Successfully passing the last two steps indicéu@isyour detector is functioning properly. While
performing the above test, it is also very easyetify that the two delays, as built into the OQdan
DCCOD, are functioning correctly.

For example, when you make a block occupied, youlshsee the LED on the detector light
immediately and then about .75s later the outpu® ksBould light. Similarly, when you make the block
clear, you should see the LED on the detector gk idanediately and then about 3.5s later the output
LED should go dark.

ADVANTAGESOF USING A PLUG-IN MODULAR DETECTOR PER BLOCK

Some brands of detectors include multiple deteatora single circuit board. Such an approach can be
tempting at first with potential cost savings. Hoeg the added card complexity, e.g. double sided
versus single sided board construction, can eaaitgel out any potential savings. Also the added
complexity of multiple detectors per card introdsieesignificant loss in modularity and the abifity
easy fault isolation and replacement, and com@iegpair problems. Other detectors are sold to be
hard-wired right into the railroad while others @shye tab connections to which you will need to add
the cost of the edge card connector. Also therlatie not set up to handle the high amperage track
currents associated with our railroads.

In my mind you cannot beat having a separate piudgtector per signal block that uses a truly heavy
duty Molex-style connector, like the DCCOD and @@. Trying to locate a short circuit along the
track, or within the track wiring itself, is greagimplified by using separate plug-in replaceable
detectors per block. This is especially true whacheplug-in module contains a built-in indicatorE
to show when blocks are drawing current, i.e. otlip

For example, if you experience a track short addtactor LED is lit with a block unoccupied, you
have almost instantly located the block with therthf you experience a short during an important
open house or operating session, simply pull eatheodetectors that have their LED lit within the
offending area. Doing so one at a time, quicklyirtesf which block, or OS section has the short dircu
This approach works even with DCC and its fastnactiircuit breakers because the detector’'s LED
will repeatedly flash for an instant each time ¢ireuit breaker tries to reset.

This separate plug-in replaceable feature is eajpetiandy for Command Control layouts that
otherwise tend to be wired together in one largelblAlso, if you ever happen to have a detector
failure, or you suspect a problem, it is a snaprplug a detector and plug in a spare. Having anly
few parts per card and having the single IC inckebmakes repair easy to accomplish.

In my opinion, the modular features achieved byging detectors into the ODMB are a very great

advantage. Because both the OD and DCCOD can ns&kefuhe same motherboard, we will cover
this next in this chapter.

OPTIMIZED DETECTOR MOTHERBOARD (ODMB)

Because applications require one DCCOD or OD pezotied track section or block, it is convenient, as
with the general-purpose /O cards, to have an @iherboard (ODMB) into which the detectors are

plugged.
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Each ODMB accommodates 12 detectors; if more mbteeds are needed they can be parallel
connected with each of the three bus traces wigd bne board to the next. If you need less than 12
detectors at a particular location, you can cut@BMB into smaller pieces for easy decentralization
around your layout. Ready-to-assemble cards atiableafrom JLC Enterprises and assembled and
tested cards, as well as complete kits, are avaifatim SLIQ Electronics. The photo in Fig. 2-5 &lso
the parts layout for the ODMB and Table 2-5 corgdire parts list.

Table 2-5 Detector Motherboard Parts List
(in order of recommended assembly)

Qty. Symbol | Description
27 — 4-40 x ¥4 Pan-head machine screws (Digi-Key H142)
27 — 4-40 Hex nuts (Digi-Key H216) (soldered to underside of board)
12 S1-S12 5-pin Waldom straight-headers (Mouser 538-26-60-2050 or use
breakaway section of Mouser 538-26-48-1241 per text)

Author’'s recommendation for supplier given in parentheses above with
part numbers where applicable. Equivalent parts may be substituted.

Regarding the header connectors, you can savedavabie cost if you elect to use the Mouser 538-26-
48-1241. These come with 24 pins and are designéubs you can easily snap them into smaller
sections as desired, in the ODMB case a groupirigpafis each. By doing so you will need only 2.5 of
the Mouser 538-26-48-1241 (2.5 x 24 = 60 pins)efach mother board you assemble.

The ODMB assembly steps are as follows:

o Terminal screws. Insert 4-40 screws in the connection holes froenttip (or component side of the
board) for the 12 track connections, 12 detectgputs, +12VVdc, COMMON and the -12Vdc used for
OD applications (which is the logic ground connaetior DCC applications). Add 4-40 hex nuts on
the trace side, tighten firmly, and solder the natthe circuit pads. Use spade lugs later on wioen
attach wiring to these screws and you will havergeli a nice heavy duty connection.

o S1-S12. Hold each header firmly against the board andesdtie two end pins first. Then examine
each header to make sure it is flat against thedbwth the pins perpendicular to the board surféice
not then reheat the end pin joints until the he&al&rmly against the board. Once you have deteeahi
that each header is installed correctly, then sdlueother three pins.

o Adjacent tracetest. Using a VOM set on R x 100, check the resistamte/éen the COMMON
terminal and the +12V and -12V (or logic ground BBEC applications) terminals. It should be infinite
an open circuit. Then clip one lead to the +12Vhieal and touch the other lead to each of the track
terminal screws for each card slot. Each should i@ad open circuit. Then, for each card slot, houc
one lead to the track terminal and the other leatie output terminal. Again, the test should repen
circuit. Any reading close toindicates a solder bridge between adjacent padswbere along the
two bus lines under test. Locate it, remove it, ggtdst to be sure.

o Cleanup and inspection.
For mounting, use six ¥4"-long standoffs. The ODscha +12Vdc power supply while the DCCODs

need only +12Vdc. Actually, any voltage betweem8 &5 will be satisfactory, but the nearer the high
end the better. For OD applications, the positive megative values must be of the same magnitude.
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Each detector draws about 10mA (not counting eatezarrent on the open-collector output
connection), so a 1.5A supply handles up to 156adtets.

DISTRIBUTED OR CENTRAL MOUNTING DETECTORS

Because most wiring connections between ODs, evdmt DCCODs, are common, | group multiple
cards together using a motherboard, the ODMB. EH3NMB mounts up to 12 detectors. The ODMBs
can be distributed around your layout anyway yairdewith two or more boards piggybacked
together for locations where you need more thadet@ctors. The ODMB cards also can be cut into
separate pieces for wider distribution.

If you prefer, you can also forget the ODMB andmect the ODs, or DCCODs, directly to your layout
wiring. There are at least four different ways thas be accomplished:

1. Substitute a 5-pin Waldom right angle header ic@laf the normally installed Waldom side
entry connector (S2) and then attach a 5-pin Waltiyminal housing connector to your
layout wiring. This way you retain the flexibiligf being able to plug and unplug your
detectors without the expense of the motherboard.

2. When assembling your detectors, solder a screwpetgpe terminal strip with the correct
.156” spacing between pins in place of the reconttedrs2 connector. For example, Mouser
part numbers 651-1727049 or 158-P02EK381V5, both &i81mm spacing (equivalent to
.150” spacing), will do the job. With this apprbagou have screw terminals mounted right
on each of your detectors.

3. Solder the layout wire directly to the pads prodida the OD and DCCOD instead of
installing the Waldom side entry connector (S2)isTif best accomplished by inserting the
wire from the component side of the board and soidgeon the trace side of the board. Once
soldered, trim the excess length of the wire saiit not bend over and short against any
nearby traces. Optionally, for the DCCOD you cangy loop the track wire through the
transformer coil rather that making their respexselder connections.

4. For the case where you already have the Waldomesitltg connector on the detector card
you may elect to solder the layout wiring diredtiythe mating header connector that would
have been used in the ODMB.

Methods 1 and 2 are the most popular approachelhdee not wishing to use the ODMB.

CONNECTING DEVICESTO DETECTOR OUTPUTS

Because connecting devices, such as LEDs, lampHRIQhputs and relays, to detector outputs is
identical whether using the OD or the DCCOD, | witlver making the connections in this chapter
rather than repeating it in the next two chaptémmdamentally, the output line from the OD and the
DCCOD, namely V,, is provided via an open collector transistor. FEfigre, you are free to attach any
load to the detector provided that it does not egddée rating of the transistor, namely 40V at .3A.

Fig. 2-10 shows examples of different devices aetddo the detector’s output.
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Open collector transistor

on detector card IN4@22 diode with banded
158ohm 1-4u resistors end toward posltlve supplq
Cone per LED

24Udc relay

z= coil
+
+
24Udc
5Udc Suppl y
supply
. MULTIPLE LEDS IN PARALLEL B. 24Udc RELAY
;\Connect to any +8ldc
cne of 24 pins
= i 1580hm 14w
\_on input card  esistor
\ C/MRI 4
Input
card CHMRI
Input
card

C. C-/MRI INPUT CARD D. LLED AND INPUT CARD

Fig. 2-10. Typical connections made to detector outputs

Summarizing the situation, connecting devices detactor output, either with the DCCOD or the OD,
is identical to connecting devices to any other RIMutput pin located on SMINI, DOUT32, DOUT
and COUT24 cards. Therefore, if you are interestedore detail on this subject, consult Chapter 9,
where we will look deeper into driving all typesdifferent devices with C/MRI outputs, includingsth
outputs from detectors.

DETECTION SUMMARY: WHEN TO USE WHICH DETECTOR

Table 2-6 provides a list summarizing the charasties of the OD compared to the DCCOD.
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Table 2-6. Comparison characteristics between OD and DCCOD

Characteristic

oD

DCCOD

Layout applicability

Works on any layout, including all regular
DC and all Command Control applications.
Also works with AC applications such as
Lionel and Marklin. With DCC applications
wiring is a little more difficult than when
using DCCODs and especially so if the DCC
boosters are not optoisolated.

Works only on DCC-equipped railroads and
railroads using other pulse-based CC
systems such as CTC16, CTC16e, CTC80
and Railcommand. Wiring DCCODs into
DCC-equipped layouts is easy and offers
the best approach for layout owners using
DCC without a prior investment in ODs.

Board size and

1.87" x 3" with easy plug-in of one board per

1.75" x 2.85” with easy plug-in of one board

modularity signal block. Test and repairability is easily per signal block. Test and repairability is
accomplished with only 1 IC and 1 transistor | easily accomplished with only one IC and
per detector. Modularity makes locating and | one transistor per detector. Modularity
troubleshooting layout wiring problems and makes locating and troubleshooting layout
track shorts easier to correct. wiring problems and track shorts easier to
correct.
Sensitivity Potentiometer adjustable up to about 1MQ Potentiometer adjustable up to about 150kQ

with 16Vdc across the track as most
Command Control systems such as CTC-
16, 16e and Railcommand™. Sensitivity
somewhat less with regular DC applications.

with six primary turns on the current-sensing
pulse-transformer and 14V DCC power on
track.

Maximum track
current

3A using standard diodes and higher, e.g.
10A or more, if substitute different diodes.

Up to 20A using recommended current-
sensing pulse-type transformer.

Maximum output
drive capability

.25A at 40Vdc using open collector
transistor.

.25A at 40Vdc using open collector
transistor.

Built-in time delays

Approximately .75s turn-on and 3.5s turn-
off. Values can be altered by substituting
different resistors.

Approximately .75s turn-on and 3.5s turn-
off. Values can be altered by substituting
different resistors.

Built-in monitor LED

Included before time delays for easier
setting of the sensitivity level.

Included before time delays for easier
setting of the sensitivity level.

Power supply
voltage
requirements

Detector supply must have 3 output wires:
+12Vdc, -12Vdc and ground. The + and -
voltages must be of the same magnitude
and be regulated. Supply voltages may be
increased to +15Vdc, as on the original SV,
but +12Vdc is more commonly used.

Detector supply uses only +12Vdc and
ground connections. The voltage must be
regulated and +15Vdc may be substituted if
desired.

Can be used with
ODMB

Yes, but optional as detectors can be
distributed around layout without using the
ODMB. If using the ODMB the bottom
connection on the ODMB is to the -12Vdc

supply.

Yes, but optional as detectors can be
distributed around layout without using the
ODMB. If using the ODMB the bottom
connection on the ODMB is to logic ground
and not to -12Vdc as with ODs.

Interchangeable
with each other

No. The power supply connections are
different between the OD and the DCCOD.
Once a given ODMB is configured for either
ODs or DCCODs all detectors on that
ODMB must be the same.

No. The power supply connections are
different between the OD and the DCCOD.
Once a given ODMB is configured for either
ODs or DCCODs all detectors on that
ODMB must be the same.

Wiring and ground
connections

Detector logic ground is the same as track
ground. Requires series diodes added to all
undetected blocks to equalize voltage drop.

All track wiring is totally separate from
detector and signal logic wiring. The
detection circuit ground, and hence the logic
ground for the complete C/MRI system is
isolated from track ground.

Approximate cost of
circuit board plus
user obtained parts
and assembly

$10.36. Cost drops to $7.91 assuming an
average 24% quantity discount on board
and parts.

$11.47. Cost drops to $9.26 assuming an
average 20% quantity discount on board
and parts.

Typically, choosing the right detector is an easgision. In most cases it resolves to the following

1. If you are using straight DC for train control, thehoose the OD.

2-22




2. Ifyou are using DCC, CTC16, CTC16e, CTC80 or Rarlmand and you do not have a prior
investment in ODs, then choose the DCCOD.

3. Ifyou are using DCC, CTC16, CTC16e, CTC80 or Rarimand and you already have a
significant investment in ODs, you can continueise ODs. If your DCC boosters are
optoisolated, as discussed in Chapter 6, then gvivith ODs is not much more involved than
using the newer DCCODs.

4. If you wish to use ODs with non-optoisolated DC@$iers, then you will need to include a
separate detector power supply per booster traztioseand provide an optoisolator at the
output of each detector, as covered in the Chapter

If your situation is number 4, then it is desiratieive serious consideration to selling your Gibd
replacing them with DCCODs. There is still a gooarket for ODs and typically, via the C/MRI User’s
Group or via Ebay, you can sell your ODs for enotmbover most of the cost of building up the
DCCODs you need.

In summary, starting from scratch on any DCC-egedprailroad, you are always better off using the
DCCOD. If you are not using DCC, Railcommand, CTOBUC16e or CTC16 then you are better off
using the OD. In the next two chapters we will exgreach of these detectors and their application i
detail. Feel free to skip the chapter that doesappty to your needs.
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