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Chapter 3

OD TRACK OCCUPANCY DETECTOR

If your railroad is pure DC then the best detetbanse is the straight DC Optimized Detector, tliz O

In fact, for DC railroaders, installing the JLC pisied OD cards is a great way to start buildingamv

a more complete computer interface. You can usetOxlicate occupancy status of hidden trackage,
to drive LEDs on your track diagram as trains pesgraround your layout, to control grade crossing
signals and to control automatically the polanityéverse blocks. With detectors installed it’satural
step forward to use the C/MRI for signaling.

Although | strongly recommend using ODs for DC-lwhealroads, if you are starting from scratch on a
DCC equipped railroad, | recommend using the nespecial DCC version of the OD — the DCCOD. If
this is your situation, you may wish to skip ahéathe next chapter, which features the DCCOD.

OCCUPANCY DETECTION WITH DC

The originally designed OD was created specificldhyrailroads using straight DC. In fact, | cadesi
the detector so good that | call it the Optimizestdator. My friend Paul Zank, who is an N-scale glod
railroader and an award winning aerospace elecsamgineer, helped in its design. Here are a few o
its important properties:

Its sensitivity is easy to adjust with a trim pdtemeter.

Its built-in turn-on delay of .25s and turn-off dglof 3.5s greatly reduces problems from
dirty track and other causes of intermittent contac

Its monitor LED is activated before the time delayising instant occupancy indication to
help in setting sensitivity.

It has only two active components, one IC and osasistor, so it is easy to debug and
maintain.

Its open-collector transistor output allows easyreztion to LEDs, TTL logic circuits,
relays, and C/MRI inputs.

It works with conventional DC, AC, pulse power, adwsystems and all forms of command
control including DCC. (However, if you are notesddy OD equipped, then selecting the
DCCOD is the preferred choice for all pulse typenotand control systems, including
DCC.)

The design handles currents from microamps upreetamps and more if you substitute
higher-current diodes.

It's a small, modular unit (one per block), scsiideal for plug-in, circuit-card construction.
This eases system debugging and maintenance tbutae connection methods are also
provided.

Its price is very reasonable. Assembling your ovibsQwhere you purchase your own parts
at quantity discount, costs approximately $8 tg&8block for a medium to large size
layout. At reduced quantities the cost for Do-ltuYselfers increases to approximately $11
to $12 per block.

Tens of thousands of these Optimized Detectors J@Bg been placed in service around the world
and experience shows their performance to be erogpbt
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OD-REV K SCHEMATIC

The OD’s schematic, for the newest Rev. K versioshown in Fig. 3-1. Readers seeking details
concerning the earlier Rev. J version of the Ohaw to update Rev. J detectors to Rev. K, should
consult Appendix D. The track current capacityhe OD is determined by diodes D1 and D2. For most
DC applications, | recommend 3A diodes that hagarge capability of 50A. If more is required you

can substitute 5A, 6A or 10A diodes.

+12Vdc or 12-18Vac bias
1

! Add 2.2K, %W bias resistor if track power can be removed (i.e., with cab control) +12Vdc
9 < o

+V TRACK rlq .
]
| i/ OPEN-COLLECTOR
T 3 2 2 @| OUTPUT. Connect

through ioad, puii-

up resistors, etc.

to + power supply
o

TRACK BLOCK

TRACK

D1

©2007Bruce A. Chubb
Fig. 3-1. Optimized detector schematic (Rev. K)

The OD Rev. K is an update from the previous ctaRsiv. J design. The Rev. K includes several
improvements submitted by David Gibbons, the creaitthe C/MRI User’s Group. The changes also
reflect modifications suggested by Rich Weyand,aleer of TracTronics and a frequent contributor to
the C/MRI User's Group, to move the power supphodeling capacitors, previously located on the
ODMB, to each OD.

The main advantages provided by the Rev. K modifina are increased sensitivity, more operational
independence from unbalance between the +12Vddisg@nd power input decoupling capacitors,
enabling detectors to be mounted remote from thectl power supply, without the need to add the
two 2.2uF capacitors on the ODMB as explained in Appendix D

For both Rev. J and K, the product of R11 and G&rdenes the turn-off delay, and the product of R13
and C2 determines the turn-on delay, as long asfd@nsiderably smaller than R11. Thus delay times
can be changed as desired. | enjoy the ratherddssgturn-off delay, which helps to solve the peoibl

of intermittent contact as well as simulating thassive, slow-moving relays in prototype detection
circuits.

The value of R6 can be varied to select the levdetector drive capability. | selected XBkor
reasonably high drive capability from the outpansistor, to handle loads as high as .3A and still
maintain a good logic low for TTL connections. lesample, I've used a single detector to drive
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parallel loads of 10 LEDs and 4 TTL logic gatesotal load of about .2A, but still with a logic low
around .7Vdc. Reducing R6 to a lower value, suctk&s would take more current from the power
supply, but would allow driving output loads up.8& at 40V, the ratings of the 2N4401 transistan. F
values of R6 of 3.8R or lower, use a ¥2W resistor.

ASSEMBLING THE OD REV K

Figure 3-2 shows the parts layout for the OD Revaikd Table 3-1 lists the parts required.

+ e 5
O Cc5 Q‘I:Db R4 Rl
———

A Dé
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Track:J:1 | Cl1 éﬁ \¢
+12Udc p O
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~12Udc R O+ R5 —-i:'—b12 96
c2 D5
Cé © 1997-2000 Bruce A. Chubb
L1-LED D

Clockwise rotation E
increases sensitivity -

- - i
~<u-

Flat =~
) . _ N -
R2 trim pot Bending LED leads D = “J
holes to card edge distance  -O"9e" lead is plus

Fig. 3-2. Parts layout for optimized detector Rev. K.

Ready to assemble OD circuit boards are availabta §LC Enterprises or you can purchase either
complete kits or assembled and tested boards ftd@ Electronics.

Do-It Yourselfers assembling a large number of ctets using boards purchased from JLC Enterprises,
and then providing their own electronic parts, aehieve costs at around $8 to $9 per detector. With
smaller quantities, a more typical cost is $1018 fier detector. Complete kits as well as assembled
and tested ODs have higher prices. For examplectafé January 2016, SLIQ Electronics lists the kit
price at $10 and assembled and tested at $17.

Typically the kit route is the most economical ayggwh for a small number of cards. Also, purchasing
kits saves time from not having to place ordersefectronic parts plus it saves on shipping and
handling charges and minimum quantity fees whighroaunt up very quickly to $30, or significantly
more, when ordering from multiple suppliers.

For those wishing to assemble their own, the b&sicrequired is PC-card soldering. If this is néw
you, make doubly sure that you have thoroughlystegkthe information on PC card soldering in
Chapter 1 of the C/MRI User’'s Manual.

Although the order of parts assembly is not critibat for the sake of having a plan, | do recomdchen
that you follow the steps in order and check off loxes as you complete each one. | have included a
[+] after the symbol for each part where polarityassembly is important. As a further aid to asdgmb
the positive pad for polarity sensitive capacitting, LED and pin-1 of the IC socket are squareoAls
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the longer lead on capacitors and the LED is ttsitipe lead. Once you have one OD assembled and
operating correctly, you can use it as a patterassembling additional cards.

Table 3-1. Optimized Detector (OD-Rev. K) Parts List
(in order of recommended assembly)

Qnty. Symbol  Description
1 R1 10Q resistor [brown-black-black]
3 R3-R5 10KQ resistors [brown-black-orange]
1 R6 3.6KQ ¥ W resistor [orange-blue-red]
1 R9 2.2KQ % W resistor [red-red-red]
1 R10 10KQ resistor [brown-black-orange]
1 R11 2.2MQ resistor [red-red-green]
1 R12 220KQ resistor [red-red-yellow]
1 R13 330KQ resistor [orange-orange-yellow]
2 D1,D2 For regular DC or AC track power select from:

3A, 50V diodes (Mouser 821-1N5400)
6A, 50V diodes (Mouser 625-P600M-53)
For command control, e.g. DCC or Railcommand, select from:
3A, 40V fast recovery diodes (Mouser 78-BYT78)
5A, 50V fast recovery diodes (Mouser 583-RCB24-B)

2 D4,D5 1A, 100V diodes 1N4002 (Jameco 76961)

2 D6,D7 Fast Schottky barrier rectifiers (Mouser 625-SD103C)

1 S1 14-pin DIP socket (Jameco 112214)

1 S2 5-pin Waldom side entry connector (Mouser 538-09-52-3051))

3 C1,C3,C4 .1puF monolithic capacitors (Jameco 332672)

3 C2,C5,C6 1.5pF, 35V tantalum capacitors (Mouser 581-TAP155K035SCS)
1 R2 10KQ potentiometer (Jameco 94714)

1 Q1 2N4401 small signal transistor (Jameco 38421)

1 L1 Red diffused size T1 LED (Jameco 333850)

1 Ul LM339N quad voltage comparator (Jameco 23851)

Author’s recommendations for suppliers given in parentheses above with part numbers where
applicable. Equivalent parts may be substituted. Resistors are %W, 5 percent unless otherwise
noted and color codes are given in brackets. Note: R7, R8 and D3 are not used with OD Rev. K

Because this may be your first card assembly, ligeilinto more detail in the following assemblypste

o R1, R3-R13. Make 90-degree bends in the leads of each resigtidiis centered between its two
holes and the leads just fit. Insert and soldetedmlding the part flat against the card, them tfe
leads. Note that R2 is a potentiometer, to be lisstéater, R6 and R9 are ¥2W resistors, and R7Rtd
are not used with the OD Rev. K detector. Additiyna you are unsure of the resistor values ovéha
difficulty in reading the color coding bands, aghiibe the case if substituting 1% resistors whigbe
extra bands or because color recognition may netda, it is a good idea to use a VOM set to its
resistance range to check the resistor valuesééfeertion.

o D1, D2[+]. Use needle-nose pliers to bend the heavy leathesé power diodes at right angles so
they drop into the holes. The banded ends mustifagpposite directions as shown in Fig. 3-2. @lip
1/8-in spacer between the card and the diodesgsatie soldered, then remove the spacer. The space
helps ventilate the diodes and protects the card.

o D4, D5[+]. Install in the same manner as above, making cetait the banded end of each diode is
oriented as shown in Fig. 3-2. Note that D3 isus®d with the OD Rev. K.

o D6, D7[+]. Install in the same manner as above making cethainthe banded end of each diode is
oriented as shown in Fig. 3-2. Note that the bare®ts of these fast Schottky barrier rectifierecs

3-4



glass diodes, are sometimes hard to see. Takeabpant in locating the band and if required use a
magnifying glass to double check the band oriemmati

o S1[+]. Making certain that you have all 14 pins locatealerly in their respective holes with the
correct orientation for Pin 1, hold the socket tigbainst the board as you solder the pins. Ifar@unot
sure of the correct orientation for Pin-1, see EiJ.of the V3.0 User's Manual. As with any mulinp
part, solder only a couple pins first, those onagite corners of the socket. Reheat as necessary to
make certain that the socket is firmly againstibard, then solder the remaining pins.

o S2. Install this 5-contact side-entry connector bytfirsoking the nylon retaining fingers over the
card edge, then feeding the metal contact pinsigiréhe card holes. Make sure all five pins pass
through the holes. Hold the connector shell tightfainst the card as you solder.

o C1, C3, C4. Insert these capacitors standing perpendiculdre¢@ard, solder, and trim the leads.

o C2, C5, C6 [+]. Insert these components with the capacitor stanpingendicular to the card making
sure that the + leads, the longer of the two leadsdenoted by a small + sign, go into the + hates
shown in Fig. 3-2. Incorrect polarity will damadmese capacitors. Solder and trim the leads.

o R2. Install this potentiometer as in Fig. 3-2, pushttiree prongs all the way into the holes as you
solder. You may need to adjust the back, singlenga little so the potentiometer dial stands up
perpendicular to the card.

o Q1[+]. Spread the leads of this transistor slightly taH# three holes, making sure the center (base)
lead goes into the hole closest to P1, and thdtdahside of Q1 faces the direction shown in Bie.
Push it in only far enough to fit snugly withoutestsing the leads. Solder and trim the leads.

o L1[+]. Note the orientation of the flat side and + hotsn@er lead) in Fig. 3-2. With needle-nose
pliers, hold the leads securely next to the houaimdjbend at right angles as shown in Fig. 3-2ldeta
The LED sticks out over the edge of the card socaiusee it when the detectors are plugged into the
motherboard. Once they are bent and properly ftttetie cards, solder and trim the leads.

o U1[+]. Insert the LM339 IC making sure you have the cdrRec-1 orientation and that all pins go
into the socket. If unsure of the correct procedarénserting and extracting ICs, see Fig. 1-thia
C/MRI User’s Manual.

o Cleanup and inspection. For a professional-looking job and to help ensheg your card functions
properly, follow the specific steps covered in Cleafd in the C/MRI User’s Manual, cleanup and
inspection. This is an important step, so don’ticshort!

That completes the assembly steps for the OD. Sto/tmur detector follow the procedure defined i th
Testing Detector Operation section in Chapter 2 of this Handbook. In parculsing the clip lead
assembly illustrated in Fig. 2-9 isimportant because simply observing correct operation of the

LED built into the detector DOES NOT verify that the overall detector isoperating correctly.

The OD card layout uses wide traces and spacivgeleet traces so soldering problems should be
minimized. There are only two active components,|@and the transistor, so debugging is easy,
particularly because the IC is fitted in a socket.

CONNECTIONSTO ODMB WHEN USING OD

Fig. 3-3 shows how to connect ODMBs when usingQBe Simply run the detector power bus to each
ODMB, whether located together or distributed abwaur layout.
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To S-rail power source (e.g. cab selector
switch if using MBC, or cab relay card if
using CCC, or booster if using DCC)

S-rail BK1 T BK 2

" N-rail
Vout for BK 1

— Vout for BK 2
@g ® | @
)

® - : @
@ 2
N7 : ' 0

Only portions of ODMBs shown
e

+12Vdc \
Dgtoev%?r Common ground gg{r’\igggtatlo
supply -12Vdc ODMBs
7

Fig. 3-3. Connecting ODMBs when using ODs

To power the ODs you need a power supply that ges/both +12Vdc and -12Vdc regulated outputs as
well as ground. Most surplus computer power supi®vide these three connections as well as
+5Vdc. For connecting the detector’s outpug Mo different devices (such as lamps, LEDs, rekays
C/MRI inputs), consult Fig. 2-10 in the previouspter. Additional connection information is also
provided in Chapter 9.

SETTING DETECTOR SENSITIVITY

One of the greatest attributes of the OD is itesiygh sensitivity and we will see shortly whysthi
property is so tremendously important when applestraight DC train control. To take full advargag
of this capability, we need individually to adjestch OD to as high a sensitivity setting as can be
achieved without it being so high that it will resyl to the leakage resistance between the twg rails
thereby falsely indicating a clear block as occdpfeuch indications are frequently referred tofatsé
occupieds.”

Adjusting each detector to reach this “optimum gesity setting” requires two simple steps:

1. With the OD installed and wired to its appropribteck, and with the block clear, turn the
detector’s sensitivity adjustment potentiometelyfalockwise. This should cause the clear
block to show up as occupied.

2. Then, rotate the potentiometer back countercloakwigil you just reach the point where the
block shows up as clear, i.e. the test LED on tteaor goes dark, and then continue the
counterclockwise rotation for another 3 to 5 degree

That is all there is to optimally set detector #rn/. Repeating the procedure for each detewtitir
result in you achieving the maximum possible usablesitivity for each section of detected track on
your whole railroad. Pretty neat, huh?
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Now let’'s dwell just a moment on each of the twepst Step 1 sets the detector to its maximum
possible sensitivity level which, with the OD ahe tDCCOD, is typically so high that the detector
responds to the leakage resistance between theailwa@ausing the “false occupied” condition.

If this full-clockwise setting— maximum sensitivity- does not result in lighting the detector’s LED,
then either the detector itself is faulty or thelkage resistance of your block is extremely higictvh
results in an extremely low value of leakage cur¢eim fact so low that even the OD can not deitect
The latter condition has been reported, by C/MRr iZave Gibbons, to exist under extremely dry
climate conditions. To take advantage of even gredgtector sensitivity under these conditions Dave
increased the value of the R2 potentiometer frok€1® 50kQ. If you suspect a detector problem then
you can check its functionality and measure its@cdensitivity following the procedures defined in
Chapter 2.

Assuming that Step 1 lights the LED, then what w&aplish in Step 2 is to reduce the detector’s
sensitivity so that it is just fractionally belohet level of responding to the leakage resistavioa.just
cannot do better than thiswhen setting optimum detector sensitivity!

If over a period of time, you find that a partiauteetector shows a clear block to be occupied, Isimp
rotate its sensitivity potentiometer fractionallpre counterclockwise. To summarize, the normal
setting for every detector should be about a 3dedree turn counterclockwise from the point weare
unoccupied block shows up as occupied. Such sstyiiletd maximum possible sensitivity response to
blocks actually becoming occupied.

Figure 3-4 demonstrates the sensitivity range ®fQD as a linear function of the potentiometer
position. With the sensitivity potentiometer setriaximum (fully clockwise) the detector triggershwi

1mQ or less across the track.

et
Q Power = CTC-16 /.'
900KQ+ o (No bias resistor) |

°
800KQT 8 5  Valueson this - }
700kQt = $ side of curve don't / !
[ {
600KkO 4 g s activate detector Measured :
<9 points with |
WW9"§g 10K trim pot |
+ N

400KQ 3 S / ‘ E
300KQt+ & ]
200k Values on this side of '
curve activate detector H
100KQ+ ]
1K at0° Pot at 10K (255°) —e=i
o!ﬁf '

40 80 120 160 200 240
TRIM POT POSITION (In degrees clockwise)

Fig. 3-4. Linear control of detector sensitivity

Set to minimum sensitivity the detector requireQ 1&r less, across the track before the detector
activates. Thus, the OD’s potentiometer provid@8@0-to-1 linear range in sensitivity adjustment!

Now let's take a look at why setting detector skvigy to its maximum possible value for every sent
of detected track is so very important.



NEED FOR ESPECIALLY HIGH DETECTOR SENSITIVITY WITH DC CONTROL

Conventional DC powered trains provide the greatieatienge to any current sensing detector.

To function, the detector must sense current flgwimough the block and with DC trains the track
voltage is adjusted between zero and maximum toadnain speed. With the throttle turned
completely off, or the block toggle being set t@oircuit, there is zero voltage going to thekrand
thus zero current flows through the detector — evieen the block is occupied by a locomotive! This i
why we add a bias resistor and a bias voltagdustrited in Fig. 3-5. These bias resistors ark bght
into the JLC cab motherboard, the CMB, for railreadusing Computer Cab Control.

CabC
CabB
7
Wire to
additional
Cab A ° o blocks
l (L Cab selector l
& switches or o4
RN relays on CRCs RN
p if using CCC \‘T
Bias Bias Engine or car with
resistor resistor resistance in
| b unassigned block
. S-rail .\ o
"W 1 T it
J : J b L())ﬁ ) JL
N-rail o i
I——) Vout I—) Vout
Detector |, ¢ *12Vdc }\j
powclar opb ob Wire to
SUPPY -12vdc additional
Gnd optimized
detectors
Common ground

Fig. 3-5. Adding a bias resistor to provide detection whiercthpower is turned off

With the block selector toggle open circuited, biees resistor allows a very small current to flow
through the locomotive, or a resistor equipped @ad, through the detector. The arrows in Fig. 3-5
show the current path. The current is so smallithets no affect on the locomotive but it is adegquo
activate the Optimized Detector. For those that tikget into the details, I'll present a few cédtions.
If this provides more detail than you desire, teenply skip ahead to the last three paragraphiisf t
section.

Assuming a +12V bias level and the recommended2Iiks resistor, the current level flowing
through the locomotive, and therefore through thtector, is calculated at about 12/2200 or .0056A o
5.5mA. | did not include the motor resistance ia tlalculation because it is very small compareti¢o
2.2kQ. The 5.5mA is more than adequate to cause theo®Ddw the block as occupied but not
sufficient to cause any motion of the motor.

A more severe case, as far as detection is cordi@mehen a single car is sitting in a block. Asgg

an 11K resistor wheel set, the corresponding currerdlisutated as being 12/(2200 + 11000) or about
.0009A or .9mA. Many brands of commercial detectwitsnot detect a current as low as this but it is
still enough to trigger the OD. However, as we wilbn see, this situation is still far from the stor
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case so that even greater sensitivity is requgatdavide reliable detection.

Consider a locomotive in one block and a singlercarsecond block with both blocks connected & th
same cab but the cab direction switch is set ircdmer-off position, i.e. open circuited. Fig. 3-6

illustrates this situation.
Cab selector switches set for
same cab but cab itself has direction

A
switch set in center-off position, i.e. disconnected

/

X
No connection to cab
as direction switch o ‘!’ ‘l’ o $ ¢ l
set to center off A
position 9 9
2.2K ohm 'I' 2.2K onm rL'
bias bias
resistor 'T|_<, resistor IT‘_o
Rl n \ —
11Kohms 20 ohms >
Bias = v 1t ~ i—
power Single Engine
supply car
oD oD
Common ground I

Fig. 3-6. Detection current shunting through adjacent blasgk®iands high sensitivity detection

Most of the bias current is shunted by the lowsistance path provided by the motor and only a teinu
current passes through the detector connectede toldlsk occupied by the single car. For example,
assuming a typical motor resistance of sa@ 2@presenting a stall current of .6A at 12V, weéehthe
equivalent circuit shown in Fig. 3-7.

1.1Kohms
(two bias resistors in parallel)

12Vdc
Bias Voltage at S-rail = .218
power /
supply
Car Engine
11K ohms 20 ohms

Detector in block with car Detector in block with engine
sensing current in this leg sensing current in this leg
(.02 milliamps = 20 microamps) (11 milliamps)

Fig. 3-7. Equivalent circuit for detecting an engine in drheck and a single car in another

The track voltage and the current through the matercalculated as .216V and .011A respectivelg. Th
resulting current through the detector connectatddlock containing the single car calculates to
approximately .00002A or .02mA or 2A8. It needs a very sensitive detector, like the @he able to
sense such minute track current and yet still e tabhandle track currents of many amperes.

Unless you have a highly sensitive detector, yduvsry likely have blocks occupied that show up as
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clear. This situation is totally intolerable on ftotype and neither should they be tolerateduon
model railroads. In order to depend upon a sigystkesn you need a very highly sensitivity detector!
This is exactly why it is very important to purchadetectors for your railroad that are capablestidp
set to very high sensitivity levels. The OD is desid to work reliably with a resistance as highvel
across the track. This is equivalent to havingA #owing through the block and the detector.

****Conclusion****

Even if you didn’t follow using Ohm'’s law with thessociated math, always usg¢ a
detector that has the highest possible sensitityalso includes a built-in
sensitivity adjustment. Both these properties, g@laith many other advantages,
are inherent in the design of the JLC provided @B ACCOD detectors.

NEED FOR BUILT-IN SENSITIVITY ADJUSTMENT

The only way to insure that a detector can be plispeto the limit of useable sensitivity is to dgsi
the detector with super high sensitivity such thlaén set to its maximum value it will always resgon
to the leakage resistance between the rails toatelia clear block as occupied. This is exactly the
approach taken with the OD as well as the DCCOIndJthis approach you are assured that track
conditions are what is limiting the detection séwisy and not the detector’s design.

As we saw in Chapter 2, the leakage resistancedeetthe rails can have a very wide variation
depending upon such factors as what you use fadva@nd roadbed, what glue you use, any foreign
material that creeps into the ballast, the crassna@terial, the humidity level and very importaritig
length of the block being detected.

To take full advantage of every situation with geamsitivity of each detector set to its “maximized
useful level,” all the user needs to do is backto#f sensitivity setting until it is fractionallyelow the
level that indicates a clear block as being ocaugt@r each given set of track conditions, you qast’t
get a better sensitivity setting.

IMPROVING DETECTOR PERFORMANCE ON DC EQUIPPED RAILROADS

Although minimized by the OD's high sensitivity @gg certain types of DC power pack throttles can
cause difficulty with any current sensing detecioecluding the OD. One question often askedigw
do I avoid a problem when my throttleis turned fully off (or on) but still connected to an occupied block
that my detector shows the block unoccupied?” It is very seldom a problem but some throttlesagpero
effective resistance across their output termindden either full “off” or full “on”. This conditiorcan
shunt all the current away from flowing through ttegector, thereby showing an occupied block as
unoccupied.

Adding two opposing diodes in series with eachaaiput will circumvent this problem as illustrated

Fig. 3-8. Use the same diodes as used for D1-De©OD. Since this problem is very rare, add the
diodes only if you find this to be your problem ammlother steps cure the problem.
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Added diodes prevent cab shunting
/ all bias current to ground. Required

only for special cab situations (see text)
CabC * *
¢—— CabB E'{;]}
Wire to

additional
L_. CabA | blocks

(L Cab selector
o

& switches or I o
q\o relays on CRCs
if using CCC

Bias Bias
resistor resistor
,, Srail % - '—I

4 : 1L 11k
N-rail " o
1 I———) Vout ﬁ Vout
+12Vdc ]
Detector 3

A\

Vv

¥

WV

power oD oD V‘Q{ﬁ-m |
suppl 3 | additiona
pply 12vdc optimized
Gnd l Common ground . | detectors

Fig. 3-8. Add diodes in cab outputs for special situatiorerehcab shunts detector bias current

Another question | sometimes receive'ldpw do | avoid a problem when my throttleisturned on a

small amount in one direction only, it causes the detector to show the block as clear?" With certain

cabs, in particular transistorized packs that a#ropt a very low DC voltage, you may find that a
particular low throttle setting in one directiorepisely cancels out the bias resistor current oguesn
occupied block to show up as unoccupied. If thigdeas you can circumvent the problem by driving all
the bias resistors with 12 to 24Vac rather thamtbee typical hookup to the +12Vdc supply terminal
used to power the detectors. This alternate arraageis illustrated in Fig. 3-9.

When using any current sensing detector that imdwsetries diodes, you need to place equivalenesiod
in series with the track feeders to undetectedtsactions. These diodes keep track voltage the sam
when engines move between detected and undeteatddsections. They also prevent extra bleeding
off of the detection bias current when an engiria the undetected section while cars are stithin
detected section.

Fig. 3-10 shows the arrangement for adding theaadit’des. Again, use the same power diodes used in
the detectors.
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Cab C

CabB N
Cab A ° - N Wire to
l Cab selector l additional
° (L switches or © Pe) blocks
120Vac q\o relays on CRCs Q\o
if using CCC
Fuse
12 to 24Vac
——— transformer
->——m—d\.0 N . >
Fuse Bias Bias
resistor resistor
2 4
—qpel it —
" N-rail v i
I—% Vout I—) Vout
Detector +12Vdc S _
power oD oD V\gggﬁto |
suppl —— \ additional
PPy -12vdc optimized
lGnd 1 Common ground 1 detectors

Fig. 3-9. Using AC for driving block detection bias resistor

CabC >

CabB >
Wire to

additional

Cab A ° ° ° N

l $ Cab seiecior l I i’ blocks
4 switches or °4 °4
q\o relays on CRCs q\o q\o
if using CCC
o N

Bias Bias
resistor resistor
]

[ S-rail 1L 1L 1

|

Vout Vout
Detector +12Vdc ,_) ﬁ /

power oD oD / : Wire to

supply ovde additional
Gnd optimized
detectors

Common ground

Diodes wired in place of detectors
for un-detected track sections

N-rail

Fig. 3-10. Including diodes in series with undetected traaitions

3-12



With Command Control applications using the ODothrer brands of detectors that are based upon
diode-drop inputs, you can eliminate the bias dircompletely since full voltage is always on thack.
You still should keep the diodes in series withetedted trackage to avoid experiencing a shiftaokt
voltage, approximately .7Vdc, each time you moveveen detected and undetected trackage.

USING ODsWITH MANUAL CAB CONTROL INCLUDING REVERSING SECTION

Fig. 3-11 summarizes the track power and occupdatsction wiring for a typical Manual Block
Control (MBC) system employing two cabs and a reivey section. It is a simplification of Fig. 3-5 in
that SPDT center-off toggles can be used in platiesorotary switches which are required when using
more than 2 cabs.

For completeness, a DPDT direction toggle has bdded to handle a reversing section and handling a
fully undetected “block” has been illustrated aanddikely be the case for a yard where you want
separate cab selection but without any detectibm.figure assumes that DC bias is used. Howeviar, it
very easy to add in a transformer to supply AC bmdicated in Fig. 3-9.

If signaling is to be employed with MBC it is impgant to check for cab consistence across each block
boundary. This requires an extra contact set obltiek toggles, making them DPDT. By wiring the
added center pole to logic ground and then ea&htsidn input card, the computer can read which cab
is connected to which block. Using this informatidgreasy for the C/MRI software to check that the
cab assignment across block boundaries is conststéore clearing a signal into an adjacent block.

2.2KQ, 2W bias resistors N

N N\ B . SPDT
S v oo - h [ block-to-cab
:F : ! F ! OFF OFF OFF H OFF H OFF switches
! SZ | SZ ! AQ° 3B AQC 6B|ASC $B |adC pBlAdC B | (wicenter-off)
| ' H ! ! I I /
L 1:11_. L l'-:ﬁ_-Block w/0 c/ {"‘J‘/
f / detection .
;iég) ya{d S - . ~Reverse block
(_—~BLOCKO BLOCK1 BLOCK2 BLOCK3 BLOCK4] PeFV’EJse
N ' ' toggle
CAB CAB (w/o center-
A B off)
~— /
Optimized +12vde |
Detectors = TK| |+ 1 1 1 +]
— ONo[oerl [oerl [orl [oE +12Vd
! 3-7 : 1 ':L 2 3 1 4 _\L supply
! i NDY |~ _*
Pl E_ [ G J Vour Vout Vourt Vout +
4 """ - é L =12Vdc
TRAIN POWER GROUND supply

-12Vdc

NOTE: Use back-to-back diodes in any blocks without detectors and at each cab to
keep high-level sensitivity in detector blocks when connected to same cab and unde-
tected block is occupied. Diodes are the same as used in optimized detector circuit.

Fig. 3-11. Dual cab wiring with reversing section and occugyathetection

3-13



Using the ODs the detector ground is the sameeasdbk ground, which is the san
as the signal logic ground. This is in stark casttta the situation with the DCCOD

ek mportant Point****

where the track wiring is totally isolated from tsignal logic ground.

It is extremely important to note that when using ©Ds there is one common ground that feeds the
whole layout.

e

Under these circumstances it is extremely impotttaait all the grounds from the various power
supplies used to power the railroad, such as pawler, signal logic, detection power and power for
driving switch machines, be tied together at alsisgmmon point close to each supply. Fig. 3-12
shows a typical recommended arrangement with tiggescommon ground tie point.

.

> Hé }AC Buttons and panel switches,
' i ) €.g. signai ievers
OFF| | Bias | . .
=== - CAB o) resistor Tranifgrmer vl\[ntht12to 124\t/AC o ©
E Z& SZ : SELECTOR A B secondary output (see text)
oo ' 0RrR Large, electrolytic filter capacitors Capacitors distributed
Ly-—o-%- ReLAY carD | placed around system to sup- around system between
V 1 h— S press noise (switch machines, etc.) + 5V line and logic ground
Diodes TRACK \
(per text) —! T SIGNAL RETURN LINES
~|siGNALs $—/ Optional Mother
B > +5VDC LOGIC SUPPLY | T+ ':\Z?tfcdhgmunﬂ
DETECTOR OUTPUT LINES / /
Z ! 110
SWITCH MACHINES / o CARDS
~ 7 7 <|>“°
| e N 1 W il N /
Special OPT. +12Vde [EW or 2 circuit | A< *18¥dh° +5Vdc [__] _1 ‘—
. b switcl H
Sl || e s (T swmen | e |l T T
: MACHINE supply
b - GROUND &
»~ BIAS SUPPLY GROUND 4
—- LOGIC GND
\ TRAIN POWER GROUND -
DETECTOR SUPPLY GROUND -*
Capacitors distributed + LOGIC GROUND —*
around system between -12Vdc GROUND TIE POINT
+5VDC line and logic ground detector
. supply COMPUTER
Crossing flashers, etc. _ L5EC Mother Board
——I connections

Fig. 3-12. Good ground wiring.

Then, by running separate ground feeds, electyicalhnected at one point, for the separate funstion

around your layout, you minimize the impact of emtrsurges in the track and switch machine feeds
impacting the very sensitive signal logic grouneds.

For example, you want to avoid tapping any of tteugd lines for signal logic level circuitry, incing
any of the C/MRI logic level grounds, into the gndwsed to feed twin-coil switch machines. Throwing
the heavier duty versions of such switch machiaesaasily create a current spike of say 4A which
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when passed through 100 feet of AWG 16 ground (M@ per 100ft) can result in a voltage
differential of 1.6V which can easily cause unwantbanges in signal logic.

To further minimize such ground line voltage vadas, frequently referred to as “ground bouncetfro
affecting signal logic, extra capacitors can béritisted around your layout, as indicated in Fig.23
between the 5Vdc logic power line and the logicugiibline. These “despiking capacitors” are already
built into all of the C/MRI circuit boards and playkey role in making the system immune to eleatric
noise. Further discussion @bod Ground Wiring is presented in Chapter 9.

USING ODsWITH DCC

Using the DCCOD is far superior in its applicatiorDCC railroads when compared to using any of the
diode-type detectors, including the OD. Therefbreally wish that | could convince every user tisat
switching over from DC and using the ODs, to del ©Ds and use the proceeds to obtain DCCODs. |
have talked to many C/MRI users who followed thisiee and they too now recommend this approach.
Therefore, | will cover this recommended approachore detail shortly.

On the other hand, many C/MRI users have retaineid ©Ds when converting to DCC and have found
the results to be very satisfactory. This is esglycihe case if the switch to DCC is for a smaller
application that uses a single DCC booster. M@tIpCC booster applications retaining the ODs do
result in added system complexities, i.e. unlesstiand of booster happens to include, or is ableet
modified, to include an optoisolated control buereection. Most DCC boosters do not provide for this
capability.

The next chapter details the DCCOD. Then in Chapteising the C/MRI with Digital Command
Controal, | go into detail showing the application of botle OD and the DCCOD to DCC layouts.
Exploring the application of both detector typas] abserving the pros and cons of each approach
should help in making the decision whether to kibepODs with DCC or to start anew using the
DCCODs.

If you have no interest in DCC, and thus no inteirethe DCCOD, please feel free to skip ahead to
Chapter 7 coveringrototypical Turnout Control. Otherwise, before we move forward, let’s jugeta
moment to close out this chapter by taking a Idadeding existing ODs to pick up DCCODs

SELLING ODsTO PURCHASE DCCODs

Although many may feel that DCC has taken ovewthele railroading community, if you really
analyze the situation, there is still a very stroage of strictly DC users. For example, even aith
obviously strong shift to DCC, JLC Enterprises amnes to fill orders for the OD, albeit at thisgeta
the DCCOD probably outsells the OD by a 4 to 1 nmar@onsequently, there remains a good market
for second-hand fully-functional ODs. By using El@d/or contacts obtained through the C/MRI
User’s Group, many users converting from DC to O@e very successfully sold their ODs and put
the proceeds toward purchasing new DCCODs.

Baseline pricing for ODs has a very wide range @deygknds on if they are purchased as kits, for an
estimated price of $10 or as completely assembiddested, estimated at $17 (based upon SLIQ
Electronics data as of January 2016). For thetDurselfers purchasing the OD board from JLC at
guantity discount and the electronic parts fromheafdhe recommended suppliers, again at subskantia
quantity discount, the estimated cost can be asb®8 to $9 but more typically at $11 to $12 & |
guantities. Averaging all these prices togethexould appear that a reasonable, rather quickltp s
price for a used, assembled and tested OD wouddbbet $10 to $12 each. Basically this sells the
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detectors at an “averaged” cost level for the bgéud parts but with nothing charged for the asggemb
time.

Applying that amount toward a Do-It Yourselfer'ssien of the DCCOD basically covers the cost of
the boards, pulse-transformer and electronic passyming all were purchased at quantity discdant.
summary, Do-It Yourselfers who purchase boardsctirdrom JLC with a discount and similarly
purchase parts from the recommended sources, agaidiscount, can basically just about break even
when exchanging ODs for DCCODs, that is if youeligrd your assembly and test time.

Because of the true superiority of the DCCOD oter®D when applied to DCC railroads, | really
recommend that the above approach be given saramsideration by anyone having ODs now
planning on switching to DCC. At this point howeMet us just move ahead and take a look at the
DCCOD.
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