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1. INTRODUCTION

The BD8 Block Occupancy Detector is the latest in train detection systems. It works with layouts using either
Command Control or DC Control systems for operating trains. In addition, for DC Control systems, the BD8 can
report block status in either “OCCUPIED-VACANTSrm, or it can report in “VACANT-STANDING-EAST-

WEST” form.

With the OCCUPIED-VACANT form of output, the BD8 is all you need for two color signaling. The
VACANT-STANDING-EAST-WEST form of oyput is particularly helpful with hidden track. By having two
LED’s on your control panel, both will be on if the block is occupied and no cab is selected; when you select a cab,
only one will turn on to indicate the direction the train will move.

Best of all, because of the advanced techniques ased3D8 board will provide train detection in 8 different
blocks. And will do this for about the same costhaise or four normal bloc&ccupancy detector boardshigh
level of electronic integration offers the BD8 completthvauilt-in test functions, poar supply and PC board edge
connector.

We realize that most model railroagldnave railroading asefr hobby - not electronics. To give you access to
the latest electronic technolagyithout getting you into thelectronics field, your BB comes to you completely
assembled and tested. You don’t have to have any knowdéadgctronics to use all of the board’s features.

Simply follow the detailed instructions in this manual to connect the board’s 8 inputs to your blocks for train
detection, and the 16 outputs to your signals or oth@ubdevices. Depending on how your layout is currently
wired, it may involve no more than taping into 8 blacknmon rail wires, and adding 2 wires per block to your

signals!



TSSI BD8 MANUAL

2. BD8 OPERATIONAL FEATURES

The BD8 Block Occupancyetecbr is the latest state of the art device for sensing the presence of trains in

sectons of tack, and prowding contol signak to acivate sgnak or oher devces onhe layout

a. The capacity of each BD8 is to detect trains and cotvimkolor trackside signalsfaip to 8 separate blocks.

b. Train detection is by curresensing. The BD8 will see the train nattar how long or short or how twisted the
trackis inthe Hock.
The BD8 works wth your layout contol system- either DC Cab contol or Digital Command Control.

d. Directoutputof boh OCCUPIED and VAQANT status - you can operattwo cobr signak with no addiional
hardware.

e. BUILT-IN SELF-TEST provded b hebp with the installation and touble shoaing, and denify speciic
problems.

f.  There s a spnificantoutput capadyy to operag both trackste sgnak and contol panelindicars with no
addtional hardware.

g. Output flexibility - you canoperate LED’s, ircardescen bulbs or relays fa direct cantrol of signals ard other
special features or use the BD8 toyide logic signals to ber circuitry or a computer interface if you wish.

h. Modularity — You can add asamy BD8boards as you need for your layolach will handle 8 ore blocks.

i. Furnished assented and tested. Just use theuntinghardware and card edgermector included with each
unit, and follow the instructions, ard you will have state d the art traindetection ard signaling system

j-  Cost - there is NO other cquarable tain detection systemith as low a cst per bbck as ihe BD8 - excepbour
BD16 Block Occupancyetecor Board for 16 bbcks!

k. Power supply can be bought addititypdrom The Signaling Solution, mto suit your requiresmts.

[.  The printed manualcan be ordered for $7.00. The ioel verson of he nmenualcan be dowmaded for free
from The Sgnalng Soltion, Inc. webse.

Refer Appendix Il for further details on the operational features.

Sone special features with respaotDCC alsoinclude the fdlowing:
a. Our detection boards never need #ernity adjustrrents. The boards asensitive enough to detect aistened
finger placed on the track, but do mgtect high huidity or require periodic sen#ity adjustments.

b. Each detector eleemt has a curremating of 3 arps (continuous duty),nal will withstand brief overloads of
up 10 anps.

c. Detecs trains bymonitoring currenthroughouta bbck. Trans are detcied anyvhere h the block, notjustas
they pass a photdetcbr or megnetc deecbr.
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3. PLANNING YOUR TRAIN DETECTION SYSTEM

Now is the ime 1o plan your train deecion systtem You probab} have a generatlea of whatyou wout like
to acconplish. But, to help you clafany issues thatag be undefined, wevould like to present sosideas that
may be hepful.

The prototype railroads have only gmarpose for their signal systeto helptrains stop safelpefore reaching
anoher rain, and obstiction, or oher unsafe siiation. Naturally, we nmay wart to include signaling to add realism
to our layout. But there are aspestiboutmodelrairoads hat have no praitypical equivalent. For examle, how
often does a prototypical train pull indchidden staging yard, ander a hydrocal ountain? We will also give
sone suggesbns aboutising train detcion o help you operag your layout, espeally those poiibns whtch are

hidden fromview.

3.1 PROTOTYPICAL SIGNALING SYSTEMS

In the succeeding paragraphs, we hanevided just enough inforation tohelp get you started. There are a
number of books and agazine articles available that willlpeyou expand your knowledg# the subject. And, if
you are atterpting to model a specific prototype ina sgecific era, tle final guide will be the railreed’s Enployee
Time Tabk and Rile Book. While the figures and gind arrangerants nay be congiered “ypical’ or “AAR
standard”, each individual railroadfige to add to or evenadify the AAR standards as it sees fit.

The nain focus of a praitype sgnaing systemis to hebp the engneer sbp his rrain safey. But they also want
trains b be abé to move as quikly as posdile when lhey are notsiopping. The keyissue $ stopping distance.
There arehiree primary factors hat deermine sbpping distance:the weght of the frain, the speed oftie train, and
the sbpe of he track. Heawr trains ke longer dstancesa stop, faser trains eke longer o stop, and tains gong
down hill take longer to stop.

Even f we are mdeing a probtype sgnaing system as nodekrs, our sbpping distances are sasuredri
inches no ratter what our speed, and our available spacansisaule. So, we resort to selective poession. Vé
will normally have our blocks as loras the typical train on our layouDur passing tracks are usually the sam
length as wdl.

Before the advenbf CentralizedTraffic Control (CTC) systens, ralroads used Agimatic Block Sgnaing
(ABS) to signalfor one diecion of raffic, and Abstute-Permssive Block Sgnaing (APB) to signalfor two
direcions of taffic. For boh of these sgtems, he Timetable identified where and whereets and passes were to
take place, and the rules of train supety, by class and direction, told whicrews to take the siding and which to
use he mein. Any excepitons b the imetable, such asa@mporaryroutings, exta rains, novenents opposedathe
normel traffic flow, were handled usg written train orders. The train crewsre responsible for setting the track
switches astiey cane o sidings, and fordaving themin the norna postion when éaving.

With CTC irstallatins, a renotely locateddispatcher cantrols the switches ard signals at @ssirg tracks, kut
usually not at industrial spurs. The &table is still usd to provide the schedule for the trains. Baeta and

passes are cawlled directly by the dispather;the rukes of rain superority are suspended.

7
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One simple way to tell which type of sgnaing the probtype is using is to look atthe sgnak atthe entance and
exit of passing tracks. it ABS and APB systes) thee are two signals, one facing each way, located near the
switch points. These are called headklsignals. Trains on the frog sioithe switch will stop before reaching
the fouling point if the signal they see shows STOPe dignal they face as thegmoach fronthe point side
indicaks he condiion of te mein line block. The siing is normelly not signakd.

The signal seen when leaving the pagsiackarea is armbsdute sighal. If it dispays STOP, a trairs not
allowed to pass. You will noraily find a telephone locatl near absolute signas the crew can phone for

instructions if they find an unexpected STOP aspect.

Y — ]
- - s

Figure 3-1 Typical ABS-APB Block Signals

With CTC irstallatins, there are aually three signals protecting the erd of a passirg track Sirce the timetabe
isno longer useda determine train superbrity, the sgnak are used byhe dispather b issue “orders”d the crews.
The signal seenwhen approaching the mints will show CLEAR toindicate a traimouting on the main, will show
APPROACH toindicate a ratine an the sidng, ard STOP toindicate STOP. Sue railroads will have a twohead
signal with the upper head ghaing use oflie mein, and he lower head gjnaing use oflte sding. Thus, GEEN
or RED routes a train onto theaim; RED over GREEN oRED over YELLOWwill route the train onto the siding.
The yellow aspect indicates usiagproach speed into the siding.

On the frog side, there will be one signal for both tracks. These are tth alsdute signals, ard the dspatcher
will set one of these sigals to dispay either CLEAR o APPROACH toallow a trainto depart.

Figure 3-2 Typical CTC Signals

It shoutl be notd hat, exceptatpassng tracks and jurtbons, wherehe dispather sues “orders” bgignal
indication, the renaining signals are mrmal ABS-APB signas. And eventhe dspatcter cantrolled signals will
have heir aspect overrdden bythe ABS-APBdeecion crcuits if trains arem the blocks ahead oht sgnak.
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With CTC, the trackcircuits that detect the trairs will control the asgct dspay at trackide; but they will also
indicate occuped bbcks on he dispather’s paneto he casee where trains are. Andpecial track circuit detects
trains which are on dipather contolled swiches and preveshim from throwing a swich benedt a tain. Thisis
indicated bythe shortdeecion blocks cortining the swiches in Figure 3-2. Usu@y, as soon as aain engrs the
switchitself, all three d the signals will automatically return to STOP. Tls automatically protects tle rear 6 the
train. Also, no natter whatthe type of sgnaing, the industial tracks abng te wayare nterlocked nto the sgnal
system If the swich to a spur orlie derdi on he spuriself is notin their safe pogsion, he sgnak protecing the
ertrarces tothe Hock will disgay STOP. Namally, this will be a permissive stq, allowing the crew tostg, ard

then proceed at restricted speeatching for a train or obstruction.

3.2 SPECIAL MODEL RAILROAD APPLICATIONS
As modekrs, we cannclude al of the sgnaing the probtype uses, espaily along our vsible track.

But much of our track is hidden. leally doesn’t ke sense to install traskle signals in places where neither the
operators nor spectators can see th8ut it does reke sensed provide tain deecion and dsplay block
occupancyto help us operattrains n our hidden tack.

There arewo typical situations hat we have on oumyouts that would benefi from occupancydisplay. When
installedas slown in the rext seeral figures, traindetection will allow you ard your operatars tofunction as

snoothly over hdden tack as pu do wth the visible track.

N3 P3

Figure 3-3 Hidden Junction Detection

In thisfigure, he three bbcks Bbeled N1, N2 andN3 are “nornal” length blocks, probalyl abouta trains’
length. The bbcks P1, P2 and P3 are “pidbsning” blocks Each $ aboutthe length of an engie, andhey are
locaed so hat they protectthe fouing ponts of the swich. And bbck S1 §the swich itself, from ahead ofhe
points to a little beyond the fouling poéndn the frog side. Each of thddecks has an occupancy detector
conneckd, whth contols a shgle “occuped” LED on a panelwhich is visible b everyone operahg trains in the
junction area. The dplay panelwould probaby deptt the rack n the arean schenatic form.

In normel operaton, an engieer night be bld to “hold at the juncton.” He woultl move hs train toward the
junction, watching the display panel to see where his wais. As soon as the fto@ning block shows occupied,
he stops his train. If the switcholosk shows occupied, he has run throtlghpositioning block and is fouling the

switch. He simply backs up until the switch showacant and the positioning block still shows occupied.
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The nextsituation that we nodekrs have lhat the prototype doesn’thave ¢ a hdden hatling yard. Its

arrangerent of detcton blocks, he display of occupancyn a paneland he method of operabn are verysimilar.

P5 N4 P4

P6 N3 P3

| | I I S1
N5 P8 s2 P7 N2 P2 P1 N1

Figure 3-4 Hidden Holding or Staging Yard

Again, the blocks Bbeled “N” are nornmal blocks, hose ébeled “P” are podioning blbcks, andhe swich
blocks aredbeled “S.” Also, he blbock arrangemnts show in these wo figures are detion blocks. The power

routing blocks, if you are wing DC cantrol, will in clude the cansecttive “P” ard “N” blocks.

4. CONVERTING TO COMMON RAIL WIRING

If your layout is alreag wired for common rail power dstribution, your installation will be sanewhat easier.
But, even so,lere nay be sone minor aterations n wiring, primarily involving power roung through swiches
under sora conditions.

Begin by sekcing your common ral. If your layout has aleadybeen wied ushg the common ral system this
step sdone. Al you needa do is remember which rai you picked!

The canmon rail canbe either the rorth rail or the sauth rail, it really cesnt matter. Ircidentally, just for
clarity, this manual is writtenassming that yaur layout is an East-West railr@ad. If you think of your railroad as a
North-South railroad, we suggehat you terporarily think of it as East-\&t. This will nake it easier to read the
manual Otherwise, this manualwould be aiosttwice asbig. Everyparagraph woudl have ¢ appearwice - once
written with “East-West”, ard once with“North-Sauth.”

How do you know whth is the norh or souh rai? It's very simple, realy. Look atanysecton of rack on
your layout where a wesbound tain moves fromrightto left. The sout rai is the ral closestto you; the norh rail
isthe oter ral. If your layoutis an ovalof sone kind, Linn Westcott suggestd nany years agohat you envsion a
north pole inthe cener d the oval. The rail closest tothe cener wauld then be the rorth rail. If he had livedin the
souhern hernsphere, t§ suggesvn may have been dferent, butit doesn’tmetter.

First, withoutconmon ral wiring, your layout wiring diagramprobaby look songthing like Figure 1 Two Ril
Switched Cab Circuits. As you can see, each of the twoutglnits is routed through a cab select switch to the two
rails of each block. There is no singlee shared by all of the cabs - easltotally independent. Not shown are
wires, or swich ponts, used for roumg power. Perhapsu have somaddiionaltoggle swiches usedaconnect
reverse dops or crossigs.

There are severaleps b go tirough n making the convesion. We reconmend that you meke the conversn

in simple, easy tacarect steg. Dang all of the rewiring ard thentestirg to see if it all waoks is very macto - but

10
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notvery bright Based on our expegince wih the conversin process, we are guj o recommend a sép-by-step

approachwhich will minimize yaur asprin consumption.

4.1 ELECTRICALLY INDEPENDENT CABS

Cab independence, of coursegsserifl to common rail. This lets & connect aly oneoutput ternmal of each
together withoutcausing anyproblenms. The nost obvious ndicaion tatthe cabs are etticaly independenis
simple tosee. Ay two cals that have sefarate power cords areesltricaly independent

If you have ary of the dual throttle cals an the merket, yau will have to do same experimentation to see if they
are electrically independent. Firatith the unit unplugged frorthe wall aad the throttle outputs disconnected from
the layout, use an ohmeter to checkor continuity between #htwo throttles. Measure froeach output of one
throttle to each output of the other, and reverse tonwdten leads as well to ske surethat there are no internal
diodes conneed. In al of these resitance checkspbk for infinite resstance or an openrciuit indicaion. Any
low resistance under 10 K olsnisa pretty good indication thatdhthrottles are not independent.

Then, pug the power suppl into the wal outlet, leaving it disconneatd fromthe layout, and sethe ouput
voltage of each throttle to 3 volt§Vith your voltneter on the 10-volt D@r higher scale, gasure the voltage
between each output of one throttle and eadbput of the other. This will giva total of four voltage readings.

In each case, you will read 0 voltdhe throttles are independent; if thene not, you will reasure +6 volts for
one measuenert, ard -6 for arother. If the twothrottles ina dual power packare rot interrally isdated you can
use amly one of themin your new wiring. Then, recanect aily one of the ttrottles if they are ot independent, or

both if they are hdependent

4.2 FINDING THE CAB COMMON OUTPUTS

Once you have selected the goan ral, identify which output of each cab connected to the canon rail
through your cab sactswitches. Turn off dlof the cabdor this nextstep. Pck anyconvenénty locaied bbck,
remove anyengnes and cars frotihe block, and aach oneof your ohmmeter leads ¢ its conmon ral. Then, one
at a time, select each cab and witte tbab select switch for the block and¢h your other ohmeter lead to the
outputs d the cab Ore d the autputs will show a very low resistare, pobably less tlananohm. The aher output
will show a rmuch higher resistace.

Confirmthe reading by reversing tobmmeter leads. In each case, the caltput currently ennected to your
common rail through the cab select switches will show ry V@~ resistance. Marthe conmon rail output on each
cah Dothis for all of your cals: main line, yard or other local service cabs.

When hisisdone, &’s do a samy check. Mike a quck and dity temporaryconnedtn betveen dl of the cab
common rail outputs that you just iden&fl. Then, operate a train over thgout, using each cab and taking each

route, siding or spurEverything should still workust as it always did.

11
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If something isn't working that uisedto work, take the time row to idertify the problem There're anly two
things hat could be wrong athis point. Either cabshat you thoughtwere solated realy aren’t or the cab oytut

you identified as being the caonon rail output was itorrect. Before proceeding, correct the problem

4.3 INSTALLING THE LAYOUT COMMON WIRE

Next, we will install the layait common wire. Rewvew Sectim 6.2 to chooselte correctwire sze b use. Ifn
doubt use be nextlarger ske. Use sanded wie, ast's much easir to pull around joits, risers and L-gters.
And it will probably be easier tanstall nultiple runs of smaller gauge wire than one run of very heaw wire. Fa
exanple, use four runs of 10-gaugeravraher than onerun of 4-gauge we. Both approaches ge te sane
effecive resstance, butl0-gauge we is probaby as heavyas yu woul wantto work with.

Of course, use copper wire, raduninum. You will have to solder cometions to the layout camon, and copper
is much easier towvork with.

Then, run e layout conmon wire around gur entre layout, bringing it near o all of the cabs, and oke b all
of the locaions yu have selcied for BD8 installations. \hen te layout common is installed, meke your
permanentconnedins betveen he cab comon ouputs and e layout common.

Wherever pu needd connecta ap wire o the layout common wire, carefuly skin aboutone nch of he
insulation off each of the camon wires ad strip a couple of inches of insutatioff the end of the tap wire. Then
take the stripped end of the tap wared wrap a tight turn around each ruritef layout coomon. Solder each of

these tirns b the layout conmon ushg rosn core saler. Thiis shown in Figure 4-1 Tap We Gonnecéd b

Layout Common.
Solder tapwire to each Tap wire connects to BD8 layout cammon
wirein the layout pins, cab cammon output, or non-detecied
common group - 4 phces block common rails

in this examgde

S S
Layout common

S | > | shown run with four
parallel wires

N \ S

S \ S

Figure 4-1 Tap Wire Connected to Layout Common

You may need a 100 watt orane iron or solderingun to heat up 10 gauge wire enough to get a good

connection. It's better to use a higheattage, and coptete the connection gekly, than to use a low wattage iron

12



TSSI BD8 MANUAL

and take all dayo heat the wires. This won't wovkell, and yu'll probablyhave nelted insulation all around the
connections.

Be sure that gu physically secure the bare wires 8wy can’'t move and possilglcontact other circuits.
Wrapping the connections with electritabe nay also be a good idea. This will save you trouble in the future.
Again, do a sanity check by running youydat to see that everything still workét this point, the only problem
were probablycaused byhe phical dsturbance that caerfromrunning thdayout common wires. Sincegqu
really haven't changedour existing wiing, it should be eady locate and % the problers. Make sure eveihing

is working before gu continue.

4.4 CONNECTING NON-DETECTED BLOCKS

You will probably have blocks or otheecions of track that are not goinglie connected to your BD8 boards.
This will normally be yard tracks and probably industrial sgi. At this tine, you will connect the comon rails
of these areas of track to the layout caon wire.

For your non-detected blockse reconmend that you reke sure thagach such block or section of track has
gaps in the comon rail to separatie from any adjacent detected blocks.

Connect these sections of track to theolstycommon one at time, and then test what you did. This way, you
can keep any problesrfromgrowing to unmanageable proportionsAlso, by doing a little at a ties you can keep
your layout operational whilgou meke this conversion.

Select a non-detected block to reconnéeiter the cormon rail has been parated bygapsfrom other blocks,
disconnect all of gur original feed wire fromyour cab select switches to the goon rail. We suggestoy cut
these wires so that at least a few inchesaregonnectedo the rail and accessible. If yowke a nistake and cut
the wrong wire, you can splice the ends back together. ,Ifyootcan use the wire still attached to the rail &ien
the connection to the layt conmon wire.

At this point, the common rail for the block should be epletely isolated electrically Verify this by
connecting a cab to the block, and all adjacent blocksg ke proper cab select switches. Set the cab output for a
few volts, and raasure the voltage in the block fraisicanmon rail to its power rail. Beck throughout the block,
including anyswitches or crossings.

The onlyright answer is 0 volts. This shows tha ttommon rail has been isolated. Iby get a non-zero
voltage reading, it mans that there ®ill an original wire connecting tremmon rail back through the cab select
switches to lagut coomon. Or, Yyu may not have put in athe gaps needed to isolate the rail. It'setito conduct
a search and destrogission to elinmate all of the old corettions to the cab select switch, or to cut all necessary
gaps.

You may still have sore wires attached to the conon rdl. These will be wires that pick up the stock rails
electrically and route themo switch nachine contastfor powering the frogs. Leave these wires in place.

When the common rail has been isolated froah of the orginal feed wires, connect it to the &y common.

Attach a tap wire as described ir tprior section, and connect the otbed of the tap wire to the conon rail
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using the ends of the original feed wikgsl left attached to the canon rail. If the block is particularlyong, you
may want to use several tap wires frohe layout conmon.

Note: At this time, the ch select switch ismy feedng the power rail; the comman rail is now being fed by the
layout common wire.

Finally, finish work on the block bgonducting another sanigheck. Run an engine in, around and through
the block using each of the cabs, checking each abtites. Fix any problesn If the engine does not run
everywhere in the block, this will probably be duerigsing a connection betweetap wire and one or ane of
the conmon rail wires. Or, gu may have attached a tapmito a power rail feed. This would result in a short
circuit in the block, and the engimeon’t run anyvhere as long as the cablect switch is set for the block.

Repeat this process for each non-detebteck, checking as you go. Mie you are doing this, you are only
taking one block out of service at a épand onlylong enough copiete its convesion. You don't have to cancel
any of your operating sessions!

When you have finished all such blocks, go orthie section below, PoweroRting Through Switches.

5. POWER ROUTING THROUGH SWITCHES

Train detection ray also haven effect on gur power routing through switches. Figure 5-1 shows a
normal power routing switch aligned for thesim line. As you can see, both siding railse electricallyconnected
to the power rail “P”, and any train on the siding will seevoltage and will therefore t&opped. An electrical

contact is shown which operates along wfita points to route power to the frog.

FROG CONTACT

Figure 5-1 Power Routing Switch Set For Main Line

Figure 5-2 shows the sa&mwitch algned for the siding. Now, a traim the siding sees both power and
common rails and can ave, while a train on the @m sees two common rails and cannotowve. As long as we
don’t want to detect a train dhe siding while the switch is set for theim ewerything is just fine. Bit, if we want

to have a separate block on thairsg, with a separate detectore tftandard power routing won’t work.
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FROG CONTACT

Figure 5-2 Power Routing Switch Set For Siding

Figure 5-3 shows the sartrack with separate traidetection on the sidingsing detector £ while
detector @ is looking at the @in line. You can see thate need a gap in the siding amon rail near the fouling
point of the switch to separate the sigls conmon rail fromthe nain line block.

Here is where things get interesting. The oamrail for the siding is alwagconnected to layut
common through the €block detector, and its power railgsmply a continuous stock rail through the switch.

And, even with the switch set for theaim, a train on the siding will run!

(99 |
FROG CONTACT

Figure 5-3 Power Routing and Separate Siding Detection

To solve this problemwve need to have an extraekical contact that operates along with the switch to
route the power rail through the switch. Thisans two sigle pole, double throw (SPDT) contacts are needed for a
power routing switch with separate detection on the fridg. sOne contact routes power to the frog, the second
routes the power rail frorihe point side to one of the powails on the frog side. This is shown below in Figure 5-
4. Both of these contactsawe along with the points. Ewthing in the figure is shown with the switch aligned for
the nain. Note: Both siding rails are gapped neahie swtch’s fouling point, and e man line block’s pover rail
isalso gapped athe fouling point.

With the switch as shown, the lower contact is cotingehe nain block power rail to the frog (F). The
upper contact is connecting th@mblock power rail to the part of thean block beynd the frog (rail PM The
power rail on the siding block (PS)rist connected to anything (nc), aadrain on the siding will be stoppeuit
could still be detectable by C2 if there was a source of current to detect. We'll show you how to do that in a just a
bit.
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POWER RAIL CONTACT

PS (nc)
c2

FTP PM

P
o y\jl o
FROG GONTACT

4

Figure 5-4 Power Rail Routing to Main Line
In Figure 5-5, the saeswitch is algned for the siding. Note that thentacts mve with the points, and
the frog (F) is now connected to thé fail. The siding poer rail (PS) is connected the power rail for the ain
(P), and the @in line power rail (PNl beyond the switch isot connected (nc). A train will now run on the siding,

but renain stopped on the an.

POWER RAIL CONTACT

PS

.~ c2

PM (nc)
Cc1

C1

FROG CONTACT

Figure 5-5 Power Rail Routine to Siding
Just for corpleteness, we’ll show the samswitch wiredwith the straight stock rail as the power rail, and
the curved stock rail as the comon rail. In Figure 5-6, #1 common rails are connected to two separate detectors

(C1 and Q). We assumthat “P” is being fed by cabselect switch, and is routed bye upper contact to the
power rail (PN) in the nain line block bepnd the switch.

POWER RAIL CONTACT

c2
PS (nc)

(] C1

P L I || PM
FROG GONTAGT

Figure 5-6 Power Routing With Straight Stock Rail Common
The power routing we have shown above isehingthat you will have to add to any of your switches
that will have separate detection or flog side with power being routdtrdough the switch. One at a timreke
the nodifications to each of your switches that will operate Way. Again, after eadh modified with the extra
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electrical contact, do a sanitheck ad run a train through all related routesakigl sure it runs when it should run,
and stops when it should stop. Ihsthing doesn’t work right, fix it.You have probablyotwired one of the

contacts properly, or have nait the necessary gaps.

6. INSTALLING YOUR BD8

You have probablyeard the adage fidr Planning Prevents Poor Perfame,” and nodel railroading is no
exception. Bfore doing anthing on yur layout, we recocnmend you plan your conplete signaling installation,
even if you have only purchased soaf the déectors and signals you will eventually need.

1. First, meke a drawing of your jgout showing all of the tracks:aim line, sidings, spurs, hidae visible, built,
or planned but not yet built.

2. Then, identify each separate detectibock and give it a nuber fromo0 to 7. If your layout needs are than
one BD8, assign a letter to each BD8 (BD8-A for thet,fBD8-B for the second, and so on), and label the
blocks with the BD8 letter and block nber. For example, if you have two BD8s, the first will have blocks
labeled AO through A7, and the seconitl have blocks labeled BO through B7. Assign the labels any way you
want. The purpose is spty to know how and where tmaonect the wires. This drawing will be thester
signaling sgtemdrawing for your layout.

3. Before continuing here, ifgur layout is not alreadyvired for conmon rail power distribution, follow the
instructions in Section 4, CONVERTING TO COMN RAIL WIRING. The steps have been planned out so
that you can continue to operatewr layout even ithe conversion takes weeks or evemths. There is no
need to shut down your layout cpletely while installing signaling.

4. The next step is to conneatyr BD8 boards to gur layout. There are two pes of connections toake.

e The first group of connections willerge the BD8 into gur common rail circuit so that the BD8 can detect
your trains. Whengu have finshed connectinggur BD8 into the cormon rail feeds to gur detected
blocks, your wiring will look smething like if you are using DC controlt will look like if you are using
command control. The steps in the ramder of this seton will help you to corplete the installation.

e The second group of wires will connect your BD8 tarysignals, display LED’s or any other logic
circuitry you maey have. Since the connections to LED¢gjic and relag are all fightly different, separate

paragraphs below will describe the differences. Tlees@ections are not shown in the two figures below.
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BLOCK 1 BLOCK 2 BLOCK 3
CAB SELECTOR CAB SELECTOR CAB SELECTOR

TO OTHER
CAB
SELECTOR
SWITCHES

\ L \ AL NORTH
RAIL
SELECTOR
NORTH RAIL DECKS

T
CONTROL BLOCK 1 CONTROL BLOCK 2 CONTROL BLOCK 3

w >0
@ >0
@ >0
w>0
w >0

112 3l |4 5 . DETECTIONBLOCKO DETECTIONBLOCK 1
SOUTH RAIL
BLOCK 0 BLOCK 1
BD8 OCCUPANCY OTHER 6 UPTO
DETECTOR BOARD BLOCK 6 MORE
DETECTORS BLOCKS
COMMON (4 PINS)
TO OTHER
BDS
LAYOUT COMMON CONNECTION BOARDS
NOTE: Detection blocks (SOUTH rail) and control blocks (NORTH rail) can be different.
Detection outputs from BD8 are not shown in this figure.
Figure 6-1 DC Control with BD8 Detector Board
TO OTHER
BOOSTERS
TO OTHER
TRACK
1 POWER
c \ FEEDS
o
N
T B
cllcllcllelle R o) NORTH RAIL
Allallal|A]l A o o}
B||B||B||B||B L S
1123 4 S T | |
> T E SOUTH RAIL
A R
T BLOCK 0 BLOCK 1
I BD4 OCCUPANCY T upTO
o DETECTORBOARD  QTHERS 6 MORE
N S BLOCK
I COMMON (4 PINS) DETECTORs |  BLOCKS

TO OTHER
BD8

BOARDS
BOOSTER COMMON CONNECTION ON SAME

POWER
NOTE: Gaps are only used to isolate frogs, or to separate boosters. STATION

For DCC, do not make ANY connections between the outputs of separate boosters. For
other forms of command control, see your system manual for instructions.

Cab connections to control station depend on the specific command control system used.

Figure 6-2 Command Control with BD8 Detector Board
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5. Connect only one end of one wire at adirdust repeat that one gim sep for each connection to beage and

you can't lose.

Figure 6-3 BD8 Board Assdity Diagram below shows how your BD8 and related isamill look when ready

for installation. For gur reference, theajor iterms are identified individually

[
X

oo
oo
oo

o

Jaod

SELF TEST

CMD CONTROL
NORTH RAIL

i
0 DD//Dﬁ\@
0

L

L

000 —

0 [0 DDDDDD ’ DM
L

1N

==
B il ool ol

Figure 6-3 BD8 Board Assembly Diagram

The itens shown are:

Item 1 BD8 Printed @rcuit board, with top view shown.

Item 2 Mode plug with positions for four ade junpers (none shown).

Item 3 Card edge connectoroyr BD8 plugs into this connector.

Item 4: Contact 1 of the 36 contact fingess the card edge connectoor@act lis labeled on the connector itself,
and corresponds tattop left contact on the Rfbard. @ntactA is immediately below contact 1. The top
row of contacts are nbered froml to 18; tke bottomrow is lettered A-V. Letters “G”, “I”, “O”, and “Q”
are not used.

Item 5. Pan Head #4-40 stainless steelimre screw (2 places) used to fastem ¢thrd edge connector to the right
angle wunting brackets.

Item 6. Flat #4 stainless steel washgt9laces) used to protect surfaces fitben screws and lock washers.
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Item 7: Internal tooth #4 lock washer (2 places) ugeslecure the ounting screws and brackets.
Item 8 Stainless steel #4-4x nut (2 places).

Item 9 Round head #4 wood screw (2 places) usedactattounting brackets to the aanting panel.
Item 10 Right angle rounting bracket (2 places).

Item 11 The surface wunted voltage regulators.

Item 12 The LED blinks when the on-board pemsupplyis functioning properly

6.1 PHYSICAL INSTALLATION OF THE BD8 BOARD

Figure 6-4 B8 and Panel Layut Readybelow showshe BD8 mounted to a flat wood panel reafy
installation on wur layout.

1. A piece of 1 x 6 six to eight inches long, or aitansize piece of plywood, is just fine. You will also need
diagonal cutters, needle nose pliers, screw drivedssaldering iron with a aximum of 25 watt rating.

2. Then attach the panel in an easily accessible locatiantaiole leg or fronthe bottonof an L-girder. You will
find it much easier to prepare tphanel as shown abyr workbenchDoing this under your layout will
probably be more difficult. Renmember that you will be running wirefsom the board to the blocks and your
signals or control panels.

3. Plan how the wires will be routed frotine board and to the layout.

Suggestion: Use cable clamps to keep the varicabks from phcing any stain on the card edge
connecbr pins and outof the way.

4. Use a strain relief to protect thertacts on the card edge connector.

SuggestionFor the larger gauge wires towr tracks and layut common, we suggestou use a ich Barrier
Block part nunbber 9-140. The curng Digikey catalog (1-800-344-45383ts this with their part nuber CBB109-
ND. For the sraller gauge wires tgour signals, a sipie cable clam will do. A nylon cable clamp fromthe
Richco line (also available fromigikey) will do. They cae in several diarters, so pick the right size for the
wire bundle going to the signals. Yountahe clamp to hold the wires secuyeand keep therfrom putting strain
on the connector pins.

Incidentally, the screw barrier strip is a good idea foubleshooting. It rkes iseasyfor you to disconnect

blocks, or to swap B8 detectors to aid in fault isdian. The srall cost for such strips is well worth it.

5. If the distance frorthe BD8 and the blocks is partiary short, and gur engines & equipped with low current

can notors, you can probablyun your common rail feed wiresising 22 gauge wire. Ifoy use stranded wire and a

tight cable clam to keep the wires fromulling on the onnector contacts, you couldrmect directly to the card

edge connector. See Section 6.2nfore detail on selecting wire siz&ince the wires to your signals will
probably be 22 gauge or finer, a piscabe clanp will be adequate. Strandedre will be easier to work with.

You may want to consider using fouenductor nedular phone cord. It's ailable alnost everyhere, and at a

very low price. The four wires in the bundle are color-coded, while fairlyfine, theyare easyo work with.
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Figure 6-4 BD8 and Panel Layout Ready
The ngjor itemsin Figure 6-4 are as follows:
Item 1: Screw barrier strip with 9 positions.
Item 2: Common rail wires for bloks 0-3 fromcontacts 1-4.
Item 3: Common rail wires for bloks 4-7 fromcontacts A-D.
Item 4: Layout common. nnect to at least 2 of the four contacts 5, 6, E or F.
Item 5: 16 occupied and vacant wiressignals on control panels.
Item 6: Nylon cable clam, sized to clam wires snugly

Item 7: Two wire power feed fromnwall mountedpower supplyprovided with pur BD8.
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6.2 SELECTING THE WIRE SIZES

The contacts on the edge connector are used to cahadmbard to your layout. @ht wires will go to the
common rails of the eight blocks, 1 will go to the layaotmmon, 16 will go to the red and green LED’s, and 1 will
connect the +5 volt supply to the LED ansd&\ke will identify these connectioria detail later. \Wat is inportant
now is that you plan for the wiringtrain relief for the wires to pmtt the connector, and accessibility for
maintenance, test and trouble shooting.

Because the current required to opetdi®’s, bulbs or relays is low, typally less than 0.1 gos, you can use
wires for these circuits of 22 to 26 gauge with no probl&ime wires carrying trainuzrent will probably have to
be 18 to 22 gauge.

People somtimes wonder what size wite use, and that's a good questigngeneral rule of thumbis touse
heavy enough wire that the resistance of the wire causesnore han a 1-vot drop with the highestexpectd
current flowing. Today, with a typical wtor drawing about .3 aps under load, a three unit consist will only draw
about 1 am. Thus, a 1-ohrotal resistince would satisfy this guideline. h&®avier gauge wire will result in less
loss.

Then, consider the round trip wire path frtme power pck or booster to theast distant block and back.

Select a wire size frortie following tablepased on the total wire path length.

Table 6-1 Resistance Table for Wire

Wire Gauge | Ohns per100 feet of total length
26 4.08
24 2.57
22 1.61
20 1.01
18 0.64
16 0.40
14 0.25
12 0.16
10 0.10
8 0.06
6 0.04

For the laput common wire, to which all of the comon rails are connected, all of the train running current
will pass. This reans that you need tount the entire current load fraafl of the trains that ey be running at the
sametime. Also, with train deteain boards installed, the voltage drop shdaddess than about 0.25 volts. This
normally means that the layout canon wire will be fairlyheavy, with 8, 10 or 12 gauge sizes being used often.

Let's saythat the total length ofour layout common wireis 100 feet, and that the total current of alliy
operating engines and cars with lights, etvill be a total of 5 aps. The total resistance, to give a worst-case
voltage drop of 0.25 volts, would have to be 0.05 hRromthe table above, 8 gge wire would be close

enough. One good source of such heairg is the electdal departrant of a ngjor hadware store. You can get
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10-gauge stranded wire (typ&IHN) for about 10 cents per foot as thibaing written. Use two 10 gauge wires
together to get the equivalent of 7-gaugeeveind a slightlyower total resistance.

Table 6-2 lists all of the block specific connections anBD8 connector. Each of the eight blocks is listed,
along with the connector pins assigned te@dsmon rail input, occupied and vacant outputs.

Use care in connecting these wires to thebB&rd conactor pins, especialffipr thelarger size wires. Ifqu
haven’t had experience soldggiconnector pins like this, ask an experiericiethd to help, or read about how to do

it and practice. See NRA data sheet D1g.10, “Sit#gring, Electrical and Elewnic”, for basic information.

Table 6-2 Common Rail and Output Connections

BLOCK COMMON RAIL OCCUPED OR | VACANT OR
PIN EAST PIN WEST PIN
0 1 7 H
1 2 8 J
2 3 9 K
3 4 10 L
4 A 11 M
5 B 12 N
6 C 13 P
7 D 14 R

Table 6-3 below lists all of the general purposanection pins on thel® card connector.

Table 6-3 General Purpose BD8 Connections

FUNCTION PIN(S)
Layout common connections 56,EF
+ 5 volt supplyto LED signals 16
Signal Ground Gnnection T
Protection Diodes for inductive loads S
Power input Positive 18
Power input Negative \%

Connect pur BD8 layout common connections to the laytconmon wire. Sinply run a tap wire fronat least
two of the BD8 common connections to the nearest placghe layout common wire. Pins 5 and E are a good
choice. Make sure that you are caréfuhittaching wires to the pins on thdge connector. Avoid using toaioh
solder, too rach pressure, and toouch heat.

Carefully strip the insulation off each of the wires inldngut conmon group, and solder the tap wire to each
of them Since this is a bare connection, fasten it teerrjoist or L-girder so that it can'tave and corainto
contact with anyther wires.

Then connect the power suppdyovided with the B8 tothe card edge connector. The power supply a
cord with a low voltage DC output. A®u receive the power supply, thése plug attached to the end of the
cable. Cut off the plug as close to the end of the cablewasan. Split the two wires back fraime end for about 1

Y inches, strip about ¥4 inch of insulation freach wire ad attached thero the card edge connector. The wire
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with the white stripe gets connected to pin 18, the pogitiveer input. Connect the other wire in the power cord to
pin V.

To see if all is well, plug in the wallodule. TheBD8 “power on” LED (labeled “D18” on the board) should
glow brightly. If it doesn’t, there are @uple of possible problesn First, the stket you plugged into mst be on.
Second, the wires to pins 18 andridy be reversed. Finallyhere nay be a short circuit on one obyr

connections to the card edge conneclimiack down the probletbefore continuing.

6.3 CONFIGURING YOUR BD8 DETECTOR

The BD8 has a total of four self-test functions, and fourapenal functions. We call these theddes.”
You can change theade of the BD8 at any tienby smply adding or remaving the junper plugs on JP1 of the
BD8 PC board. Whin two seconds, the functionilixchange to the one you have just selected.
In normel operations, you will siply se the node required by your layoand leave it. Frorthen on,
whenever you turn on your BD8 it will start in your opeyaéil node and give the typef output indications you
wish.
But, in addition to that, the four self-tesbdes are avtable to help pu with your installation, or to help
trouble shoot problemif they should arise. All of theades are described in the paragraphs that follow. And each

includes a figure showing the correct jogns to install.

6.3.1 NORMAL OPERATIONAL MODES

There are a total of four operationabdes for yur BD8. Unless yu change gur layout control sgtemat

sonetime, you will probably never have to changedes. But you always have the choice.

6.3.1.1 Command Control

Use this node if you are using any forof conmand control. Your outputs will indicate the OCCUPIED or

VACANT status of yur blocks.
JP1

oo
|
oo

NORTH RAIL |& ©
EAST-WEST

SELF TEST
GMD CONTROL

Figure 6-5 Command Control Jumper Positions

6.3.1.2 DC Control, Occupid-Vacant Output

For DC controlled layouts, this will be theost likely mode to use. The outputs are OCCUPIED and
VACANT, and will operate two aspecigsials at trackside. Or, you careube OCCUPIED output to activate
LED’s on control or @C panels to showrain positions. This would be espally helpful where hidden track is

involved. Note that no jupers are used for thisade.
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JP1

oo
oo
oo
oo

SELF TEST

CMD CONTROL
NORTH RAIL
EAST-WEST

Figure 6-6 DC Control, Occupied-Vacant Output

6.3.1.3 DC Camtrol, East-WestOutput, South Rail Common

The EAST-WEST outputs are used with DC controlled laatat prinarily to indicate the direction a train is
moving. You nay have need of this to help operate hidtlack. Wth two adpcent LED’s on a panel, both will be
on if a train is present and standinidowever, as soon as you connect a cabpen its throttle a bit, one light will
go out. The rewining lit LED will show which way the train il move. This is a real help, particularly with new
or inexperienced operators when tlag toldto bring a train out cd hidden stagingayd.

If, in addition to the EAST-WEST outputoy wouldlike to have a separate @OPIED output, or both
OCCUPIED and VACANT outputs, you will ne¢d provide sore additional circuitry.

With EAST-WEST Detection,qur BD8 needs to know wibh of your rails is the comon rail. In this node,
the SOUTH rail is gur common rail.

JP1

oo
oo

SELF TEST
NORTHRAIL | & ©
EAST-WEST

GMD CONTROL

Figure 6-7 East-West Reporting, South Rail Common

6.3.1.4 DC Catrol, East-West Outpt, North Rail Comman

This node is used to obtain EAST-WEST output afdi status for D@ontrolled layputs with the NORH

rail as the common rail. In all other respects, thiodeis the sara as the made described in Section 6.3.1.3.

JP1

oo
oo

SELF TEST

CMD CONTROL
EAST-WEST

NORTH RAIL

Figure 6-8 East-West Reporting, North Rail Common

6.3.2 SELF TEST MODES

The four self test wdes are used to helpy with the installation of pur BD8, and to assistqu in trouble

shooting should angroblens develop in the future.
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6.3.3 SOFTWARE VERSION NUMBER

Your BD8 includes a processor with a progrdaveloped bys to performall of the functions gu have seen
described in this amual. While we have tested tHmard under a wide variety obeditions, we cannot anticipate
every possibility of layout contra@ystem throttle design, or adwae in various technologies.

To help you and us keep track of any changes thatth&ea place in the softwanee have included a way for
you to read out and record the version of the soéiyweogrammed into your processor. If it should becem
necessaryo help yu with sone problemyou are havingwe may need to know the specific version of the software
your board is using.

To record this, put your BD8 into thisagle and record #t blocks are occupied and which are vacant.plgim
write “ON” or “OFF” in the two colums of Figure6-4. In this node, the BD8 is not detecting trains; it is using the

16 outputs to report itgersion nurber.

JP1

oo
oo

SELF TEST
EAST-WEST |0 o

CMD CONTROL

NORTH RAIL

Figure 6-9 Reading the Software Version Number

Check each output froyour BD8, and rark down for each bldcthat outputs are on. Note that it is possible

for both outputs to be on, pending on the specific veéos nunber being reported.

Table 6-4 Record of Software Version Number

OCCUPED VACANT
BLOCK OUTPUT OUTPUT
0
1
2
3
4
5
6
7

6.3.3.1 Rapid Sequenaig of Ouputs

In this mode, your BD8 very rapidliurns on and off each of the outputs.isigives you a quick check to see
that all outputs are functioning, atttht the wiring between the outpuatsd your LED’s, bulbs or relayare
functioning.

The sequencing is probaltiyofast for your relay to operate. Andgur incandescent bulbsannot blink at
full brightness, butgur LED’s sould light fully, although briefly
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JP1
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oo

SELF TEST

GMD CONTROL

NORTH RAIL
EAST-WEST

Figure 6-10 Rapid Output Sequencing
In this mode, your BD8 is not detecting trains; it @utonatically activating its outputs in a high speed
sequence. This is the sasequence as the slow E&gest sequence, but the entire scan pletes 3 tines per

second, rather than once in 64 seconds.

6.3.3.2 Occupkd-VacantSequenang of Ouputs

In this mode, your BD8 turns on and off each of the outputs at a tire. Each output is on for two seconds.
This is enough tim for bulbs and even relgjo respond.You can activate this atle byplacing the rade junpers
as shown and then watchuyr signalgurn on and off in a known sequence.

Beginning with the block 0 oputs, first the vacant output will turn or\fter 2 seconds, the vacant output will
turn off and the occupied output willrh on. After two rore seconds, it will turn off and the block 1 vacant output
will turn on. This sequence repeats frbtock O to block 7, and then starts over for as long as you leave the BD8 in

this node.

o o
|
[
3

SELF TEST
EAST-WEST |0 o

CMD CONTROL

NORTH RAIL

Figure 6-11 Slow Speed Occupied-Vacant Sequencing

When using this mde, watch yououtputs carefully. See that eacinnts on and off in the proper order. If
somrething doesn't operate progg, track down the problerbeginning at the B8 output.

When an output is on, you careasure 5 volts DC ifou put your voltraters’ positive probe on the BD8 5 volt
output pin (16), and the negative probetlom output pin you want to checkleasured this way, an output will
show 0 volts when off, and 5 volts when on.

If you are using the B8 with an external power supdlgr your output devices, sucas relag or bulbs, pu
will need to neasure in a slightly different way. Setur voltnmeter for the voltage of the external power supply,
and put the positive probe on the positive output of the exfeomaer supply. As before, put the negative probe on
the BD8 output yu want to check. You should read 0 veltsen the output is off, and the voltage of the external
supplywhen it is on.

Of course, the first thingop should do is ake sure tht the BD8 is turned on. Beck the D18 LED on the PC
board and verifghat it is at full brightess. If yu are using an external powspply make sure that it is on.

If the output is working properlgt theBD8 card edge connector, but theputtdevice (LED, bulb, or reldys

not working, repeat the voltagesasurenent at the output device itselff you don'’t get the correct voltage
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readings, check the wiring between the BD8 and the delfig@u do get the correct voltage readings, check the

device itself.

6.3.3.3 East-West Sequencing of Outputs
This node is very sintar to the Occupied-Vacant §eencing of Outputs descrith@bove. Other than the
positions of the mde junpers, all of the comments above japly, except that the output sequencing is different.
For this node, each step of the sequence again takesdhds, and the pattern begivith block 0 and runs
through to block 7. The outputs have gagtern: OCUPIED-VACANT-BOTH-NEITHER

JP1

n

SELF TEST

CMD CONTROL
EAST-WEST

NORTH RAIL

Figure 6-12 Slow Speed East-West Sequencing

Again, if you see somthing that isn’t working, useour voltneter to nake the voltage asurerants described
in Section 6.3.3.2

6.4 CONNECTING TO THE TRACK BLOCKS

This section deals with connecting BD8 to each of tbels the board is to detect.eWill do this one block

at a time, and test as we go, keep fromcreating anyig problens.

1. Pick a block to connect to theDB. For your first blod, pick one that is eagp get to. Let's raking the
learning process as easy as possible. The block will st#l Yaur original wires fronthe cab select switch to
the conmon and power rails running to the block.

Our first step is to electricalligolate the common rail fromthe layout.

3. Cut the comon rail feed wires so that at least a few #xlf useable wire reaims attached to the rails. And
then nake sure that the camon rail is sepatad by gaps fronall adjacent blocks and frogs.

4. Test the block to ake sure pu have isolated the canon ral. Do this bytrying to run a train in the block and
all connecting routes. If the train runs anywhere irbtbek, you still have one orone conmon rail feeds that
need to be reoved fromthe block.

5. When all coomon rail has been isolated, run a new omm rail feed fronthe assigned detector in th®8to
each of the now cut camon rail feed wires dropping down frotihe conmon rail. Again, when this is done,
you should be able to ruroyr train anwhere in the blde. Try it and see. If the train doesn’t run in sam
portion of the block, you still have a camn rail feedwire to connect. Keep looking till you find it and
connect it to the BD8. Table 6-2 Coman Rail and Outpu€onnections lists the connector pins used for each

of the eight detectors.
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6. After you have connected the block amon rail to the deector, connect the outputs fibie sane detector. See
Section 6.5, ONNECTING THE OUTPUTS for specific inforation on how to connect to thédB. Choose
the paragraph that describes tiutput devicegu are using.

7. When you have the output connectianstalled for a block, check theby using one of the three self test
modes which sequence through the outpbitegestion: Use either slav speedscan for this test Also,
remember that there are 16 stepgfire occupied-vacant sequence, and steh takes two seconds. There are
32 steps in the east-west-both-neither sequence, also aebonds each. So it will take a while for the BD8 to
cycle through all of the steps.

8. Double-check the wiring if the outpuisr the block do not function aoy expect. With these self-testades,
the BD8 isn't doing train detection -ig sinply operating the outputsSo any problemwill be somewhere in
your output wiring or the power suppligsu are using for the output devices.

9. Finally, when you see that the outpapgerate properly, then set the BD&le operational wde you will be
using, and again run a train ewathere in the bldc and through all connectingutes. Watch gqur output
devices, signals, bulbs, panel LED’s days, or whatever gu have, and sdhat theyactivate properlas your
train enters or leaves the block.

10. When your first block is working, payourself on the back, take a breakd then repeat the process for the

remaining blocks!

6.5 CONNECTING THE OUTPUTS

The BD8 outputs are liited to 150 rilliamps each. Nairally, you can use ach snaller wire for these
circuits, especiallyf you are onlyopeating LED’s or logic signals. For thedatter cases, the current per output
will be less than 20 itiamps. You could probably useatiribbon cable if appropriater your situation. Even
though it is norrally about 28-gauge wirdor such low currents it won't etter -unless ypur layout is as big as
Yankee Stadiufn

If you are using the B8 to generate logic signalske care to provide a good ground path between[t& B
“common” pins and the ground connextifor your other logic. Also, rember that the B8 common is
connected togur common rail circuit. Make sure thatgurother logic shares this contien. Finally, just connect

the desired B8 output on the card edgermector to the logic circuitoy have.

BD8 +5 Volts
(Pin 16)

Padlel LED's

(only 2 shown) To additiona LED’s

or bulbs, if any

Resistor val ues are based on LED
forward voltage andcurrent, and
the brightnessyou went

To BD8 autput

Figure 6-13 Driving Multiple LED’s From a Single Output
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Figure 6-13 Driving Miltiple LED’s Froma Single Outpushows how to drive two LED’s from single BD8
output. You nust calculate the propeesistor values based on the LED&uyuse. Tpically, an LED has a
forward voltage drop of approxately 1.7 volts. To calcute the proper resistance value, subtract the forward
voltage drop of gur diodes fronb volts (he BD8 power supploutput voltageand divide the difference e
diode forward current.

Color light signals use a single, inttlual color LED to display each a=gi. Nornally, these will be GREEN
and RED LED’s to represent the RFCEED and STOP aects. Figure 6-14 LEDeRIstor Installation Mthod
below shows how to connect the two LED’s of a signabif gnly need to display the amspt at a single location,
trackside or on a panel. Since onlye LED is ever on @ne time, you onlyneed one resistor to litthe current.
However, since red LED’s are noaity much brighter thareither green orglow LED’s, many people use a higher
resistor value for the red LED so that its brigsteatches the brightness of the other two colors.

Perhaps the siptest wayto connect the B8 outputs tasignals using LED’s or incandescent bulbs is to use
four-conductor radular phone cord. Thwire is readilyavailable evemnyhere(try Radio Shack), is large enough to
carrythe required currentnd is verylow in cost. We recomend that ypu use the black wire for the +5 volt
connection, and the red and gresres for the corresponding LED’s.

Which leads us to the question of how and wheredtalhthe current liting resistors. One mthod that
works well, costs little, and is very religdlk described here. A three pin terah strip is shown, but you could use
a 6 pin terrmal strip if you had twaignals close enough that the leads waoaith. Also, if you are planning to
install 3 color signals soeday, conilering using a four or eight pin teimal strip now. You will need the extra
pins later. At the tira this is being written, yotan call Mouser Electronicat 1-800-346-6873 and place an order

or request a catalogefer to Signal Mounting Adapters in the accessories section of the website.
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Terminal grip shown
/@ is Mouser Electronics
Heat srinkabe tubing to Stock No. 159-1003
insulate the connections to '

the resistors

Resistors ae sddered in
place and covered by heat
shrink

G R w Modular phone cord

: to BD8 autputs
Wrap cable wire around P

resistor lead, sdder and
trim tod9ze

Figure 6-14 LED Resistor Installation Method

Let's work out a sirmple exanple to see how to calculatiee current linting resistors Suppose your diode has
a forward voltage drop of 1.7 volts, and gives thareéd brightness with a current of 2@lmmps.
R =(5-17)/0.02=1650hns.

In this case, pick a standard value of 160 slion each ofhe resistors. Then, calculate the power dissipation

of the resistor:

P = Rx 1% =160x0.02%=0.064 watts.

In this case, a 160-ohri/4 watt, 5% tolerance resistogsting onlypennies, wouldbe just fine. Simply
substitute the forward voltage and curriemtthe LED’s you use into these etjoas to select the proper resistors.
As long as the resistor powetirgy is higher than the poweoy calculated, you will be OK.

You can use the B8 outputs to operate low voltagefigally 1.5 volts) incandescent bulbs iuch the sara
way as LED’s. The connections are all the sarHowever, you rmust use an external power supplith

incandescent bulbs. Such bulbs drawrg Wgh surge current when thayefirst turned on. This surge current
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can be enough to overload thB®power supply Thepower supplywon’t be damaged, but, when the supply
drops too low, the processor chip resets and restarts willhisuse the BD8 to operatiecorrectly, or not at all.

The second difference is that your droygpresistors will alrost certainly belifferent values because bulbs
normally draw a nuch higher current, nahcluding the surge current. 1by are using low voltage incandescent
bulbs, check their spec sheet to see what tiodtiage and current regaments happen to be.

Once again, recall that, with [@Cthere can be no coaations between the outputs of separate boosters. This
includes anyconnections between pina BD8 boards connected to sepatatesters as well. If in doubt, please
contact either the amufacturer of pyur DQC systemor us for technical assistance.

When using the B8 to operate inductive loads, suchnasors or relag, be surdo use a protection diode as
shown in Figure 6-15 with each such load. The protectiotedis shown with dashed lines and shaded, because
the BD8 includes diodes wired internally as shown.u3®themsinply connect pin “S” to the positive output
termnal of your relaysupply This, of course, eans thaall of these inductive loadeglays and notors, connected
to anyparticular B8 have to opmte off the samDC power supply

Theyserve to protect the® output chips fronexcessie voltages generated when these loads are switched

off. Without them you will almost certainlyblow out sore integrated circuits.

SHOT Shomn
+ Vdtage Spply
for rdays
ToBD8 Qutput AN
ToBD8 Srge Dodes- AN“S'
- Vdtage Spply
To BD8 Gommmon Ans for rdays

Figure 6-15 Connecting Inductive Loads

6.6 STANDING TRAIN DETECTION

For the BD8 to detect a train thereust be sora srall current flow. If you ae using command control, there
will always be a voltage applied to the track, and the Bili&always be able to detect the presence of egeigm
that draws even a sih current.

Most cars, however, do not draw awrrent unless odified in sone way. We stock non-rignetic
replacerent wheel sets for HO and N seattandard gauge equipnmt. Thes wheel sets are equipped with a
resistor that allows a safi, but detectble, current to flow. To ake yourcars detectable, sply replace one or two
wheel sets per car with ours. On special order, walqmalvide wheel sets for othstales and gauges as well.

Or, you can rake your own if you wish. We use a.1 K Yawatt resistor bridging the insulation between the

axle and the insulated wheel.
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With a DCcontrolled layput, a speciahrrangerent is necessarto meke sure that there is always a voltage
applied to each block. ¥recommend that you instalh 12 VAC transforrar as shown in Figure 6-16, and connect
this voltage through a 4.7 K ohresistor to each power rail detectable blocks. Even when the cab select switches
are in the OFF position, this velgw current AC will be present.

Since this is an AC voltage, if there is a standiag present, the BD8 will dect a current that flows
alternately in both directions. Theastge in current direath takes place 120 tes per second, and we all know
that a train can't really change dirextithat fast - it has to be standing stifithe BD8 sees current flowing in only

one direction, it concludes that the trammoving in the corresponding direction.

BLOCK 1 BLOCK 2 BLOCK 3
CAB SELECTOR CAB SELECTOR CAB SELECTOR
TO OTHER
CAB
SELECTOR
SWITCHES
\ipd/ Ll W
NORTH
4.7 K Ohm 4.7 K Ohm 4.7 K Ohm SELRE/Z”;OR
' ' ' DECKS
12 NORTH RAIL
c c c c c , . ) .
A A A A A v f T t }
B B B B B o CONTROL BLOCK 1 CONTROL BLOCK 2 CONTROL BLOCK 3
L
1 2 3 4 5 T . DETECTION BLOCK 0 . DETECTIONBLOCK 1 .
S T T T
SOUTH RAIL
AC
BLOCK 0 BLOCK 1 I
BD8 OCCUPANCY OTHER 6 UP TO

DETECTORBOARD  peeatk.sl  SMORE

COMMON (4 PINS)

LAYOUT COMMON CONNECTION TO OTHER
BD8
BOARDS

NOTE: Detection blocks (SOUTH rail) and control blocks (NORTH rail) can be different.
Detection outputs from BD8 are not shown in this figure.
12 Volt AC transformer must be isolated from cab circuitry.

Figure 6-16 DC Control With Standing Train Detection
We suggest thatop use 4.7 K ohpi/zwatt axial lead restors. Theyare readilyavailable at low cost and are
easyto install. A convenient athod would be to instatiesistors for all of the blocksontrolled bya control panel
on an insulated ounting board behind tredntrol panel. Then, siply run awire fromone end of each up to the
power rail output pin on each cab seleciteliv Connect the opposite end of alkloé resistors together and then to
the output of the 12 VA@ansforner as shown in the figure above.
One good wayo nmount these resistors is to use whatdaled a “turret terinal boad.” Keystone Electronics

Corp. mekes several suitable ones. elihpart nurber 15032 provideswugh ternmal pairs to install 25 resistors.
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You can get these, along with the resistors, fuamous distributors. Allied Elctronics (1-800-433-5700) handles
the terninal boards (Allied Part No. 839-2373). You @t the package of 200 resistors frDmgikey (1-800-344-
4539) using their part nuver 4. 7KQBK-ND.

6.7 TESTING YOUR BD8 DETECTOR INSTALLATION

We thoroughly test each BD8 before ghing it to you. But the tiemay come when you want to see for
yourself that the board is working properliso, all of our built-in test funatins operate the output signals in a
predictable way Thus, yu can seleatne of the B8 test functions and seeyibur lights operate asoy expect.

Make sure thatgu have recorded agtly which outputs go to which loads.

6.8 TROUBLE SHOOTING SUGGESTIONS

The step-bystep conversion andstallation procedures degmed throughout this emual should helpgu
avoid nost problens, and quicklyidentify the rest asqu go. The irportant thing is to @ke just one or two
changes and see if everything is still working. If not, theseige problemwith what you did since the last test.
The nore you do between tests, the harder it will be to locate the problem
Another benefit of the do a little and test approach to thisaisit helps you to build your confidence as you go.
Success breeds success, and ety you see sorthing that yu did work right, no rater how sinple or
seenmngly inconsequential, you will see th#is really not that difficult after all.

The next few paragraphs are a few additional suggesfor wag to prevent or at least identifyroblens.

¢ Whatif none of he sgnals work?

Suppose none ofoyr signals work. If at least seof themused to work, and now th&pn't, the first thing
to check is the power. The power LED on tha8board shoulthe glowing brightly If it isn’t on at all, see if the
power nodule is plugged into the wall, and the wall outlet is on.

Then check for a short circuit across tHe885 volt powersupply There is a resetable fuse on tHe8board
that will protect the board electronics. But if there is a slyout will have to elirmate the short and allow aimute
or so for the fuse to cool before the circuit will restafou should unplug the powerdule while you wait.

If this is the first tine you have tested athing, andhe power LED is not on, check the power as aboug¢. B
also check to see if the power centions to the card edge connectoraeect. Unplug the B8 and neasure
from pin 18 to pin V directly belowYou should reasure 9 to 12 volts DC,tlv pin 18 positive. If the polarity is
wrong, unplug the wall odule, swap the wires to pins 18daV, and re-reasure the voltage. It should be OK.
Then, turn off the line power, plug in thé®B, and tryagain.

If you don't get anyoltage out of the wall odule cord, babsolutelysure that the 120 VA@ower in on at
the wall outlet. Plug a lapnor other line powered devicetinthe sara outlet and see if it works. If the wall outlet

is working, and still you get no output vaj@fromthe power radule, contact us.
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Also, meke sure that, if gu are using LED'’s, that the @ity is correct. If the power is onpy can nanually
activate anysingle LED byconnectinghe corresponding output pin on the edganector to lagut common with a

test lead.

e First Test Wiring To Signals

If your signals don't seete be workingquite right, begin byunning one of thelow sequence self tesbtes.
Watch carefully to see if the signals operate as yoee&xpRemmber, the BD8 will activate block 0 outputs, block
1 outputs, etc. and then start over.

If the self test sequence is correct, andnproblemseens to be that the wrong signals change when the train
moves fromblock to block, then there is probalaly eror in the wires fronthe block common rails to the B8
detectors.

If the self-test sequence is not correct, then there is iplsoba error in the output connections fréime BD8 to

the signals. Look for opens, shomswires connected to thereng pins on the edge connector.

e Block aways show vacant

Normally, this would nean that the comon rail lead fronthe block is not going to the proper detector input
pin (1-4, A-D) on the edge connector. Or, ight be thatou still have one of your @inal feed wires connected
to the block comnon rail. This will keep the BDS8 frordetcting the train. Go back to Section 3 and go through

the step by step conversiprocedure described. This will help you solve the problem

e Block aways showe occupéd

If the vacant LED never turns on, and the occupied is=filways on, then you probably have smaurce of
current into the B8 common rail connection. This would apar to the B8 that there isonething in the block.
See if the LED’s switch wheroy disconnect the camonrail input to the detector. If so, then look for som
unexpected current source into the aaon rail. This coud be a nssing or closed gap, a wheel bridging a gap, or
even an engine or piece ofling stock being detected.

If both LED’s are on when the block is vacant, arel\tacant LED goes out whdris occupied, check the
wiring to the occupied LED. You probakiave aBort to conmon sonewhere along the wire froithe BD8
output to the LED cathode.

e Standing trains are notdeeckd

For the BD8 to detect a train, santurrent flow nust be present if the block is occupied. With ecoand
control, power is alwagpresent on theack. However, with DControl, currat flow stops when the cab stops its
train, or when no cab is selected for a block. Thus, B@rcontrol, sore provision nust be nade to assure that
small current flows even when the cab has stopped the thagimple technique to do this is illustrated in Figure 6-
16. This circuit puts a sall AC current through an occupied block when the eabff. When the cab starts its

train, the DC current over-rides thélllmmpere or so of AC current as the trhiegins to rove. This AC current
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results in an interesting feature with the BD8: a stoprzad will be reported as goirgpth east and west! This is

how we report a standing traindirectional reporting is selected.

e Trains ae na detectedwhen Thrdtle a O

Be aware that soeelectronic throttles have a verymutput inpedance, and ate what looks like a short
circuit across the rails when the output voltage is zestopp a train. This will shunt the current provided by the
resistors shown in Figure 6-16 and kéep BD8 from detecting the train. @, when yu put the reversing switch
in the center off position, this electronic short circuit imoeed and the BD8 will report the block as occupied with
a standing train.

There is a solution for throttles that aally bring their output voltage to mewhen the train is stopped. eV
suggest that you install a full wave bridgetifier in series with the throttle quit. This works just like a constant
lighting circuit, and allows current to reach the BD8 ewith the throttle off. This is shown in Figure 6-17 Zero
Output Throttle Mdification below. Us a full-wave bridge rectifier with @urrent rating at least equal to the
maximum output current ofour throttle. The voltage rating of the rectifie not critical. Use the lowest available

voltage unit yu can find (50 volts PIN&S a typical rating) for lowest cost.

DC+ DC-
CAB

DC THROTTLE WITH| ourpyt  ACL1 | FULLWAVE | ac1 OUTPUT TO
0 VOLTS OUTPUT BRIDGE CAB SELECT
WHEN STOPPED RECTIFIER SWITCHES

CAB COMMON
OUTPUT

TOLAYOUT

COMMON

Figure 6-17 Zero Output Throttle Modification

e Strange operaion of vacantblocks

If the signals in one block change when the train isheyes near the blockpy may have too smll a layout
common wire. Double checkour estinate for the current ithe layout conmon, and the wire gaugeuy picked.
There could be a problewith this.

If this doesn't fix it, contact us bghone, fax or letter and let us know etkagvhat kind of “strange operation”
you have. We'll probablyave sora questions (easynes!) to help us undéasd your layout and installation, and
then nake sone suggestionabout other things to check.

Another possible cause for this probleas to do witltonmand control. If the wimg to a block has a very
large capacitance, any block detect@yrshow a vacarttlock to be occupied. EhBD8 has included special
processing to mimize this effect. If, howeveroy have usd twisted pair wires toomnect to pur blocks, very

long runs of such wire could exhibi@ugh capacitance to cause the probldm confirmthat this is the problem
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termporarily disconnect both wires of theisted pair at both ends, and run teeparate feed wires that are not
paired. If the problergoes awaythen capacitance ioyrproblem Route the two new wires in a neat fashion and
uses thenpermanently.

e When dl else fdls

When you have done evettying you know how to do, and ka followed the installation and test suggestions in
this manual, and still things aren’t working, please contact We will do all we can to help solve the problem
While our BD8 board nay not be working correctlythis hasiot yet been the case. uBwe have alwaybeen

able to help our custosns get everhing working properly We'll help you, too.
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7. CUSTOMER SUPPORT

We understand thatany model raifoaders have liited experience oraining in electronics, anday be
sonewhat apprehensive about installimgin detection and signalj systera. Our goal is to ake our expertise
available to those in the hoblkwho could benefitWe are doing this bgevebping products, and associated
manuals, which take care of asny of the details apossible, and explain cleayow you can finish gur
installation and enjoyhe additional opetinal features that are now possible.

If you have questions, or recamendatins, please write. @will do our best to help you get theost

satisfaction available fromyour investnent in our ED8.

7.1 TECHNICAL ASSISTANCE

We are available to provide reasorabbsistance to helpy get the greatest possible benefit fithva ED8
Block Occupancyetector. Feel free to write to usthvanyquestions or coments you mey have. Please enclose
a large SASE if you are expecting a replye ¥ill do ourbest to clear up any issues yoaymaise about the use of
the BD8.

We welcora anysuggestionsqu mey havefor improvenents to the B8, or for anyrelated productsqu

would like to see available. All such recaendationswill be considered as walan our future product offerings.

You can write to us at:

The Signaling Solution, Inc.
PO Box 25

West Terre Haute, IN 47885
VOICE: 812-533-1345 (9-4 cst)
FAX: 708-570-6140

7.2 LIMITED WARRANTY

Your satisfaction with the B8 is our prinary concern.The BD8 Block Occupancyetector is warranted to be
free of defects in aterials and workranship for a periodf 90 day from date of purchge. This does not cover
damege due to nisuse-use, iproper insallation, or connection to excessivdtages or currents. @will, at our
option, repair or replace any defective unit.

The BD8 Block Occupancyetector ifurther warranted for 30 dayo peform in a satisfactorynanner when
connected as described in thiamad. Should yu feel that gur BD8 is not perforning as yu would expect,
simply write to us, describingour spedic type of installation, the fye of eéctrical control sgtemyou are using,
how you have connected thedB, and dils about whatgu expected of thBD8 and how it appears to fall short.
If we cannot clear up any problengou have, we wiltefund your full purchase priagoon return of your BD8 in
good working order. Naturallyve cannot be responsible for units that hbeen daraged bymisuse-use, iproper

installation or connection.
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APPENDIX |
TERMINOLOGY

To allow us to discuss train control, weishbegin byunderstandingertain basic term

ABS - Autonetic Block Signaling, a systemmsed to signal track for one diremtiof traffic flow. The signals will
autonatically protect trains fronfiollowing moverents.

APB - Absolute-Pernissive Bock Signaling, a sstemusedto signal track for two directions of traffic flow. The
signals autortically protect trains fronboth following and opposing ovenents.

BLOCK - a section of track separated efieetly from other sections to allotrains to be controlled or their
presence detected independenfiyall other blocks. Bckson the prototpe are used exclusivefgr detection
purposes. On odel railroads we use thord to describe track sections segtad for detection dor control. This
latter use of the word “block” coga up in DCcab control laguts.

CAB - a mechanisnof sone kind responsible for the speed aticection of a single train. It accqlishes this by
controlling the voltage and polarigpplied to the notor(s) of a train. Therare various techniques caiwyt this
control.

CTC - Centralized Traffic @ntrol, a sgtemof train dispatching which allowssrenotely located dispatcher to
route trains through the autatit positioning of track switcteeand signal aspects. The actual track conditions,
such as actual switch positions and the presence of traihgyer-ride the dispatcher His actions would cause an
unsafe routing or signal aspect to be dispday

COMMAND CONTROL - a train control sstemin which sone “full” voltage is always applied to the track,
along with a special electrical controfjsal that carries speed and directigiormation to nany different trains
independently With conmand control, there are s@nunber of separate, independehiannels of comunication
between a central control station andeivers located in the engindsach engine receives its own speed and
direction infornation over an ssigned channel, and then derives the gel@and polaritypplied to its rator from
the “full” voltage alway present on the track. Diffent types of comrmand control sgtens implement their
communications channels and forofi “full” voltage in different and usualigcormpatible way. There is now an
NMRA Standard and relateceBorrmended Practices for camand control approved bthe membership. We can
all now take advantage of the N®A Standard Diggal Command Gontrol (DCQC) technologyknowing that our
investnent in equipnent to operateur trains is protected by the exisce of miltiple manufacturers raking
compatible equiprent. This has been the casighwvthe NMRA Standard for D@ontrol for nany decades.
COMMON RAIL - a method of wiring a DCcontrollayout so that one rail is alwagonsidered to be at a
constant, zero voltage. To conttain direction of mvenent, the otherail would be taken to a positive or
negative voltage. Tablelielow shows how this works when your ereg have been wired according to National
Model Rallroad Association (NNRA) standards. Note that trainawenent ha nothing to do with the direction the

engine is facing.
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Table 1 Direction and Rail Usage

RR COMMON POWER TRAIN
DIRECTION RAIL RAIL MOVEMENT
East-West NORTH SOUTH & Positive East-bound
East-West NORTH SOUTH & Negative West-bound
East-West SOUTH NORTH & Positive West-bound
East-West SOUTH NORTH & Negative East-bound
North-South EAST WEST & Positive South-bound
North-South EAST WEST & Negative North-bound
North-South WEST EAST & Positive North-bound
North-South WEST EAST & Negative South-bound

If you have sompersonal dislike fofcommon rail wiring” at this point, snply call the rails “A” and “B, or
“NORTH" and “SOUTH?"; trains will physically mvethe same way no natter what nares we pick. The only
thing that matters to a motor is the voltage and polarity it sees. The rail naras are chosen to enable us to
communicate with each other, and ideptihe specific iterawe are talkingabout. W\ choose a systeof getting
the voltage to a otor based on our operatiomseds and desires, and our available budget.

CONTROL BLOCK - an electricallyisolated section of track uséat the control of a traiseparate fronall other
trains on the lagut. @ntrol blocks a& generallyused onlywith DC control.

DC CONTROL - a train control sstemin which the laput isdivided into nany electrcally independent control
blocks, and a mans is provided to connemtly one of several cabs to a givesntrol block at a tira, allowing that
cab to control the speed and directirall trains in the control block.

DCC or DIGITAL COMMAND CONTROL - A form of conmand control desibed bythe NMRA Standards
and Reconmended Practices. dnmand control operates bgending speeand direction ressages through the
track to decoders in each engine. Each decoder acrgptsessages sent to it spécally, and carries out the
command. The typical comands will provide speed ardirection information; alditional conmands can turn
lights on or off, sound the bell or whistle, etc. Th@amantthing is that these essages are sent to all trains,
wherever theyare on the lagut. Hence, with DC, we can operate our trains exadlike the prototpe - cornfield
meets and all!

DETECTION BLOCKS - an electricallyisolated section of traaksed for detection of adin separate frorall
other detection blocks on aytaut. There is no need for control blocksd detection block® be identical.
EAST-BOUND - the condition of a detection block whibas a train present aneéwng east.

HEADBLOCK SIGNAL - a signal that protects the entrance to or exit fpassing tracks.

LED - Light Emitting Diode. A solid-state device that #gslight, visible or IR, whera snall DC current flows
through it. They are very efficient, ajp¢e with little tenperature rise, haveery long life, and are good for use in

signals or on control paneis indication switch positins or block occupancy
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NORTH-BOUND - the condition of a detection block whibas a train preseahd noving north.

OCCUPANCY DETECTION - a means for detecting the presence of a tira@ block. Note that the blocks used
to divide the lagut for train contropurposes can be different frahre bbcks used for detection. A noain
highwaygrade crossing provides a good epéarof the difference. For protgtical control of the crossing gates or
flashers, three separate occupadegctors should be used.uB2here is naeed or desire tprovide for the control
of separate trains in these three bloockse train control lalck is sufficient.

OCCUPIED - the condition of a detection blockathhas a train present within it.

OS - On Sheet, or On Switch. The “On Sheet” usage apfgieanual signaling and traicontrol sgtens in which
an operator will record the arrival departure of a train “on sheet”, a forrsed to keep a record of train
movenents and presence in blocks. The “On Switch” usggmies to autoatic signaling systemithat detect the
presence of a train on a switaldgprevent throwing the switch.

POWER RAIL - the rail parallel to the camon rail. Sincehe conmon rail is at 0 volts, or “ground”, the power
rail is taken to positive or negative voltages with resfmettie cormon rail to control the speed and direction of
train novernent.

RAILS - the parallel structures that the wheels roll on. diectrical purposes, rails negdhave nares. If your
railroad runs east-westpy have a NORH RAIL and aSOUTH RAIL. If your railroa runs north-south,ou have
an EAST RAIL and a WEST RIL. While a particularail is normally always NORTH or SOUTH, note that in
certain special situations, suchfays, turntables or reversisgctions, a particularitanay change, depending on
the route a train will take through the frog, or the assegrrof NORTH or SOUTH to the adjoining rail in an
adjacent section of track.

SIGNALING - the presentation of train preseror novenent information to the regineers, dispatcher and other
people involved in operating thailroad. For rodel railroads, this cdpe done to achieve scenic effects with
trackside signals or grade crossing gaieflashers, or to displdyain positon on control panels to show train
position in areas of lifted visibility to theoperators, such dsdden staging yards.

SOUTH-BOUND - the condition of a detection block whibas a train preseahd noving south.

TRAIN DIRECTION - the direction the train isowing. For pradtype railroads, direction is deteimed by
timetable direction. On east-wesiin@ads, a train is wving either east avest. On north-souttailroads, trains
are noving either north or south. Setimes the differace deternmed geographicaltyother times the choice is
arbitrary, For your railroad, pu decide whther yur trains nove east-west or north-south.

VACANT - the condition of a detection block igh has no train present within it.

WEST-BOUND - the condition of a detection block whibas a train preseahd noving west.
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APPENDIX Il

OPERATIONAL FEATURES

1) CURRENT SENSING

The BD8 uses a pair of 3 girdiodes to generate a alinvoltage whenever current is flowing to sething in a
block: a notor, command contol receiver, light or anythig else that draws current. The diodes share axoom
ground return connection. Hence, a oaon rail power distribution mast be usedo power the blocks connected to
anygiven BD8. Figure 3 ®@mmand CGontrol Layout Wiring shows how the B8 is connected in a pjcal command
control system and Figure 2 @mmon Rail Layout Wiring shows the B8 conrected in a common rail DCcontrol
system

The diodes are connected in sendth the track feed to a bloclknd will result in a voltage drop of
approxinately + 0.7 volts. A current of less than illmmp, and upo the current lirt of 3 anps can be detected.
To prevent burning out the diagleyour cabs should have semeans for liniting their output current to 3 g or
less if a short circuit occurs. This omhyakes sense, evesithout the B8, since theab, rail, wiring and electrical
switches should be protected fraxcessivehhigh currents.

The detected current is processed to ielite anydeection chatter due to dirtyack or wheels. Special
processing is also required with B@ontrolled layuts to cormpensate for th effects of the high speed switching of
the voltage applied to the track bgosters. All of thispecial processing is perfoechautoratically by special

circuitry included in the design of theDB.

2) TYPES OF OUTPUT

The BD8 Block Occupancy Detectorroes equipped for threeffierent types of outputsind will also report

occupancyin two different wag when used witlDC control. These details are described below.

e Output Capacity

Included with the BD8 is a five volt power supplyiaiwill not only power the board itself, but will provide
up to 400 niliamps of current to operatmur LED’s. For typical LED’s witta current of about 15ittiamps, this
works out to be at least three LED’s péwck that can be on at the satime.

The outputs, when active, will switch to ground, sigkcurrent froma positive gpply. If configured for LED
or logic output, no additional power supjis needed unless the total laadrent required for the LED’s exceeds
the limit of the BD8 power supply If configured to actiate relag, incandescent bulbs or semther tye of
device, yu rrust provide the copatible supply Any suwch supplymust have a mximum voltage of 16 volts DC

above ground to avoid daging the BD8 output integrated circuits. When origy signals with LED’s included,
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be sure the diodes are wired with their anodes imzmmOther brands are also cpatible if the diodes have
individually wired cathodes. The anodes t@nwired separatelyr in conmon.

Since each of the 16 outputs can handle 1#itamps at tle sane time, you can use the BD8 even if your
needs exceed the current capacity of the internal sufatyply provide an external posv supply of the necessary
voltage, not to exceed 16 volts DC, draVving sufficient current capacity. &the external power supply to power

your devices; use the internal power sugplpower the B8.

e Occupied-Vacant Detection

When used with a comand control systeror in one otwo output nodes used with DC control, the BD8 will
report blocks as either “OCCUPIED” or “WVACANT". Feach block, there are two outputs, one which is active
when the block is OCUPIED and the other when itYSACANT. The two outputs are utually exclusive.
Because of this, you can usuallypl@ment basic tw color signaling without gnadditional circuitry.

For a prototypical, professional instaita, you will want to interlockhe signal aspects to the position of
switches just as the protgey does.We have developed the SSI Switch-Signéerlock Module to help gu with
this. It provides all of the necessagctronic connections to includeissh position in yousignaling system
One connection to the SSI tells ttiecuitry the position of the switch; la¢r connections frorthe BD8 (or BD16)
Block Occupancyetectors indicate btk status. And outputs frothe SSigo to signals on the frog and point

sides to cause the proper aspects to appear.

e Directional Detection

When used with DC control, the B2&n be configured to indicate not justcupied or vacant, but which way
the train is noving if it is not standing still. This igarticularly helpful if youare inplementing sorna form of
autorretic progressive cab control, or using thB@to show which waytrains are raving in hidden track.

You probably won’t ever need this feature with coend control; the throttle itselfridicates true direction of
travel.

There are still two output signals for each block. Ind¢hise, one will be active if the train i9wing in east
bound, the second if the train i®wing west bound. If thiain is standing still, or “mving in both directions”,
both outputs will be active. If the blockenpty, both outputs will be off. Tikis depicted siply in Table 2

below.

Table 2 Outputs for Directional Detection Mode

BLOCK STATUS EAST OUTPUT WEST OUTPUT
vacant off = open circuit off = open circuit
train standing on =0 volts on =0 volts
train noving east on =0 volts off = open circuit
train noving west off = open circuit on = 0 volts

The BD8 has a rade junper plug which plag a part irthis. If your common rail is the south rail, install

the junper (Figure 6-7); if yur conmon rail isthe north rail (Figure 6-8), leave the jpen off.
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e LED Activation

For maeny applications, such as tvemlor signaling, the B8 OccupancyDetector needs no additional circuitry
It can operate two color LED signaglits directly Sufficient current capéy is available fronthe power supply
provided with the BD8 to operate a total of 40 LED’d 6fnilliamperes each, with all on at the satime.

Each LED nust have a current lifting resstor connected in series with it. This is shown in detail in Figure 6-

13 Driving Multiple LED’s Froma Single Output.

e Logic Signal Activation

The BD8 can be configured to output loggignals which can be used &he circuitry, such as three color
signal control boards or progressicab control circuitry Since tle BD8 provides what are known as “open
collector” outputs, you siply connect a BD8 output to the desired TTL or G$linput.

The input circuit will need, and usually cesrequippéd with, a pull-up resistorannecting the input to +5
volts. The resistor raises the inputtogic high when the B8 output isoff; the BD8 output pulls the input low
when it is on. Typically, these resistors will haxgdues of 1000 ohsor greater. Our TC4 uses 10,000 ohm
resistors.

All of the filtering used to rimimize the effects of tracknd wheel dirt is still operational. No additional power

supplies are needed kye BD8 to function using this outputade.

e Relay Activation

The BD8 also has the output current capacity to miitads of up to 150 ittiamperes per output (16 total).
However, the total load current cdube far begnd the capacitgf the poweisupplywe include. To rake use of
the total output capacity, you will hat@ supply your own power supply. Alsiéyou are connecting an inductive
load, such as a relayr notor coil, to the B8, youmust also use diodes thartotect the B8 outputs fronthe
voltage spikes which are generated whernrent is turned off in an inductiV@ad. Such diodes are included on the

BD8 circuit board. How to use tligodes is illustrated in Figure 6-15.

3) BUILT-IN SELF TEST

The BDS8 is a truly unique product in that it provides builtest functions that will helgou to test and trouble
shoot the board itself anayr installéion. Other than our ownBL6 Block OccupancyDetector Bard, we know
of no other train detection product thmabvides pu with this feature.

First, the board has a power-on LED which glows lhgivhen the internal power supplyproviding full
output. If this LED is off or dimyou know that soething is drawing too mch currenfrom the power supplyor
that the power supplig not plugged inNext, byusing the rode plugs providg with the unit, yu can have the
BD8 sequence each of its outputs on and off in two second stegy rapidly if all you need is a quick check.

Evenything you need to know to take advantage ofgbi-test functions is providdater in this ranual.
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APPENDIX Il

OCCUPANCY DETECTION AND REPORTING

You may have nany reasons for installing a systemwhich reports the presence or absence of trains in various
sections of track: displayg train locéions to operators, progregsicab control, tracksidggnals, grade crossing
gates, sound effects, etc. There are several diffegzehniques available for dgj this. If we overlook any
particular technique, it isot to give offense.

The next few sections discuss soafi the options avkable for detecting trains, @hg with their strengths and
weaknesses. As you will see, the BD8 successfullycomaes every lintation nornmally present in occupancy

detector system

1) OPTICALLY BASED SYSTEMS
An optically based detector uses ght source and light detect arranged so that thain physically prevents

the light fromreaching the detector when it is present. &lsstera have the benefit difeing totally isolated from
train running power. Thegan therefore be ad on anytayout, no natter how it is wired.

But they also are liited in that thdight source and detectorv®to be positioned so that the train blocks the
light. This neans that thegnly detectat a single point. To detect traitigoughout a block, amy detectors, with
overlapping fields of view auld be required. Also, gending on the specific desighg visual systemcan be
sensitive to atient light or the stability of the voltagmwering the systemAnd enpty log cars can be very
difficult to detect in any case since they have litttess-sectional area available to block the light beam

Sonetimes people attep to provide deection for long or serpentnblocks byusing degctors at the beginning
and end of a block, a technigoalled gate detection. This can work wkttains alway move through the block.
But what if a train enters, and then backs oGf?stopsonpletely, say between operating sessio?what if the
train separates®r can leave through or enter througtitiple paths? These are all factors that tend toitithe
use optical detectors feignaling detection purposes.

But this doesn’t rean that optical dectors have no place in train detenti Use thento take advantage of
their real feature: the detection of a tratra single point. Use thetm help tospot cars at difficult to see locations,

to position hopper cars exactight for the roary car dunper to work perfectlyetc.

2) MAGNETICALLY BASED SYSTEMS

Magneticallyoperated detectorsgigally use aeed switch along with a peement nagnet to perform
detection. The reed switch is activated by the pressieeragnetic field. Increasthe magnetic field bybringing
a megnet close and the contacts switchmoge the nagnet and the contacts open.

Normally, the reed switch will be buried in the ballastween two ties, andagnets will be attached to the
bottons of engines and perhaps cars. ths train passes, theagnet brieflyadivates the reed switch. Its contacts

can be wired to logic or latching rektp show that a train has passed.
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But this is just another version ofjate detection sgem All of the canments about opticallypased detection
applyto megnetic detection. Excefitat optical detection seanto bebetter at detecting exact position than
magnetic detection. And agnetic déection is not at all suited for dattion over a “field of view” of any

meaningful size.

3) SWITCHED ELECTRICAL CONTACTS

Several different techniquésive been used over theays to detedtains using switchliecontacts of one kind
or another. Sostimes they are activated by theiglet of the train passing ovére electrical switch, and
sonetimes bythe wheels phsically contating a wire nounted next to the rails.

Most of these systesrare simle and cost effectiveThe weight operated switchesesnto present a significant
installation challenge. Getting thesat up to operate withrelatively heavy engine (O scale) is fairly pie)
getting themadusted to operate with a relatively ligtdar (HO or N scale) is greatay to induce a headache!

But all of these techniques operate in a gabelen jist like the optical or mgneticdetectors, onlyletecting
trains at a point. This reallgn’'t occupancyletection, but such swhing techniques can ise sone useful
purposes. And, like all electrical contscswitch operation can be paired bydirt and oxidation. Even reed
relays, which not sensitive to dirhauld have special @al alloy contact# they are to function properly in low

current logic circuits.

4) CURRENT DETECTION SYSTEMS

Current detection stens operate bygetecting the current that pasde®tgh a rotor or lights when a train is
running in a block. There areany flavors of such sstens, and theyenerallyhave sinilar advantages and
disadvantages.

A major benefit of current detection stens is that theyxan easilydetecttrain current, regaless of how long a
block may be, or how the track is routed. And, as lasgsore current is presenthey will respond properly to
trains that stop, or enter and back oli& block. But they will generaliptroduce soradrop in the voltage that
actually reaches theator. How significant tts is depends on the specific technique used.

The next few paragraphs will describe thanpiple technigues of which we are aware.

e Relay Current Sensing

Speciallydesigned relaghave been @zl to detect the current flowing @ntrack circuit. In this case, the
current passes through the retajl along withthe train notor and lights. Bayshave several benefits. First, they
are difficult to burn out, and, since the coil is electlycesolated fronthe switchd contacts, properlgiesigned
relays can be used with arfgrm of DC or even ACtrain control. And contacts caasilybe designed to switch
many anps, and thus contralinytype of load current.

The rrain limitation of this technique is the issue ofdyecing the sensitivity of the relay with the voltage
dropped across the coil. As irogt areas of engineerintjere are conflicting factors thatust be considered.

With a relay, a ragnetic field of a certaistrength mst be generated to swittie relay. To get sensitivity to low
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currents, rany turns of wire ag required in the relagoil. The nore turnghere are, the higher the resistance of the
coil and the larger the voltage drop;ngheavier wire reduces the voltatyep but increases the pigal size and
cost of the relay

In years past, whenators routinelydrew an amp or nore of current, a workable balance in the design of the
relay could be reached. But today’s camtars, which drav only 20% as mch current are och nore difficult to
detect. And when the train stops, so dibescurrent. What is there to detect?

Relay contacts present a further ltation. Theyare sulgct to dirt and oxidation #t can prevent the contacts
from closing properly Also, when usetb switch the veryow currents that arinvolved in logic circuits, yically
a milliamp or less, the contacts shoulddmdd plated to resist ostation. Using gold increas the cost significantly;
not using gold decreases the religpsignificantly. Another one oftose pesky engineering cpromise
situations!

Considering today notor technology relays may not work at all. Irfact, we haven’t seen or heard of ang

used relag for train detection and alsgsing nodern can rotors in the engines.

e Transistor Current Sensing

The transistor was first applied to train detecttorpur knowledge, byinn Westcott in the i 1950’s. He
designed the Twin-T circuit, and lateetfiwin-T with booster transistor, for trafletection. His circuits were very
effective, and in wide use. Thegd the advantage of high sensitivity, yetuléed in a low and alost constant
voltage drop in the track circuit. They could easilyedenilliamp sized currentsBy equipping your wheel sets
with a resistor of somrelativelylarge value, these circuit®uld detect a lone car padckim a block - just as the
prototype does!

For practical reasons, the layoutlwsually be wired using comon railwiring, with the Twin-T circuit
installed in the path frorthe conmon rail to the lagut conmon return. You can avoid the need for coom rail
wiring by providing a sepate, isolated power supply for each detecfinis, of course, adds a lot to the cost.

The ngjor limitation of the Twin-T circuit is the fathat the full train runninguarent passes through what is
normally a low current path through a teastor. Thus, relativeliarge and xpensive power transistors had to be
selected so that the base tatéen pah could handle at least three to feueps. And these transistors had to be
mounted on a heat sink of serfair size.

The only other lintation of which we are aware is the féloht these circuits operate veqyickly, and can
respond easilyo momentary breaks in current due to dirtgil or wheels. This effect can be reduced entmat by
installing a capacitor in the right place.

This formof detection is still adequatieut it is no longer cost effective tse such high current transistors to

carrythe train running current.

e Diode Current Sensing

The next formof current degctor uses diodes in the comn rail path tahe block. Veryiow cost diodes,

capable of handling 3 gm or nore continuouslywhile giving a voltage drop of less than 1 volt, are readily
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available. This has the samffect aghe power transistors used in the myii circuit, at a rach reduced cost.
Sensitivity can beust as high or even higher.

The onlything renaining is to sense the voltageop across the diode using an operationgdléier or
conparator of sorakind. Today suchintegrated circuits are readily availaldt low cost. Once the voltage has
been detected, it can be conditioned to dril@ye light enitting diodes (LED) or logic circuits.

Techniques of this pe result in reduced costs when gamed to Twin-T and siiitar transistor based circuits.
They also operate very quigkand will respond to breaks in current flalwe to dirty rail or wheels. As with
Twin-T circuits, this can be controlled wighcapacitor or other filtering in the right place.

Generally, two diodes are used, connected in paralllelopposite polarity. In this way, a positive voltage is
generated when the train current @Afing in one direction, and a negatiwatage is generated when the current
flows in the opposite direction. ®husually requires that the decboard have both positive and negative
operating voltages applied, adding dosthe formof an extra power supply

The BD8 Occupancyetector uses an advanced fafdiode detection, andspecial technique that
eliminates the need for dual power supplies to powebdtlaed. Special circuitrgnd signal processing techniques

are provided which mimize the sensvity to wheel and rail dirt.

e |solated Current Sensing

There are several fosrof isolated curig sensing in use. An isolatddtector operatesunh like a relaya
circuit elenent is wired in series with the block, andedectricallyisolated signal ipicked off and used to indicate
train presence. One such techniquesusur high current diodes in series wtike track circuit, and two optical
isolators. Depending on the ditien of current flow, one of the woptical isolators activates.

Since the current sensing diodes aresisal fromthe rest of the detection aiitry by the optical isolators, this

form of detector can be used even orolag that do not use conon rail wiring. The systenis fairly sensitive, and

appears to have, as its pamy weakness, a series vajeadrop of about 2 volts because there are two series diodes

in the track current path. Noise filtering circuitryshbe provided to mmimize the efécts of wheel and rail dirt.

And additional signal conditioningumst be provided to allow such a detectoroperate LED'’s, rela/or bulbs.
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APPENDIX IV

TRAIN CONTROL SYSTEMS

Over the years, amy different systns have been developed for controllimgdel railroad trains. Today, there
are two prinary ways of controlling tains: DCcontrol and @mmand Control. Both systera share the saagoal:
allow each engineer to control the spaed direction of his trainThey differ in the way they achieve this goal,
and the electrical coplexity and operational flexibility provided.

Incidentally, the BD8 does not control ains. It sinply detects the curremflowing to 8 diffeent sections of
track to deterime whether or not trains are presenthiose separate sections, grgsiblywhich waytheyare
moving.

We do have somcustoners who haveised our detector boards to activiaiays when a block is occupied,
and use the relays break the current to the prior blopketeent rear end collisions autaimally. This is
particularlyhelpful for nodular layputs when thewreoperating for the public. It is satimes difficult for the
crew to converse with the spectatarsl keep the trains under control.

This lengthydiscussion of &in control nethods &d wiring is to help gu to connect the B8 into whatever
train control systergou nowhave, or to help you adify your present systesp you can use the BD8. eMill

also provide somsuggestionfor using the B8 to handle certain pjcal situations that arise onamy layouts.

1) DC CONTROL SYSTEMS

With DC control, the lagut is dividel into many electricallyseparate blde so that the speed and direction of
trains in different blocks cape controlled independentiHowever, all trains within a given block receive the sam
voltage and polarity, and will thereforeowre in the samdirection, and as detemed by the specific rotor and
gearbox, at mre or less the sanspeed.

People use countless vedpr generating this voltage: tharies, variable transforans, DCsupplies with
rheostats, DGupplies with various formof transistorizedr integrated circuit volge control circuits, SR
controls, and evemotor-generator sets!

Such layouts have at least two cabsl sore method for the connecting cabs, one at atito each block.

Many different systesihavebeen developed over the years, and youheifir nares such as cab control, tower cab
control, route cab contrgbrogressive cab control, andra. All of these systesiwere developed to allowuiti-

train operation on a layit. The whole purpesis to allow different engineers ¢perate their trains over the tayt
with as little interaction and confusion as possible.

Regardless of the details involvedgenerating the voltage and curresed to run each train, the power

routing systemtakes onlytwo forms: two rail swittied sytens, and common rail switched ssters.
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e Two Rail Switched Systems

Two rail switched sgtens have circuity that routes both rails of a blockttte assigned cab. In this case, all
cabs are totalljndependent electricallynd all blocks & totally independent. Wile this seem like a sinple,
straight-forward sstem it does reuire alnost twice as mach wiring as is needed with comon rail systens. Every

switch nust be a two-pole switch. Figure 1 prosdin exarple of a layput wired this way

BLOCK 1 BLOCK 2 BLOCK 3
CAB SELECTOR CAB SELECTOR CAB SELECTOR
TO OTHER
CAB
SELECTOR
SWITCHES
A J . f) \ s ) NORTH
RAIL
N N N N N SELECTOR
NORTH RAIL DECKS
C C Cc Cc C } } e } e }
A A A A A
B B B B B BLOCK 1 BLOCK 2 BLOCK 3
1 2 3 4 5 } } } }
SOUTH RAIL
Sp LS| Ls)Ls]Ls]
T TO OTHER
CAB
SELECTOR
SWITCHES
A\ /J & /) A\ J) SOUTH
f RAIL
SELECTOR

DECKS
NOTE: Both rails gapped at block boundaries.

Figure 1 Two Rail Switched Cab Circuits

While this systenworks, it does not provide any advargagor operating your trains. Because there are twice
as many switched electrical contadigtween a cab and an engine, rélighis lower. This nethod also
conplicates occupancy detection since the detection cirfaritsach block mst also beslectrically isolated. Such

detectors exist, but are sewhat nore expensive thatetectors that can shae electrical ground connection.

e Common Rail Systems

Common rail electrical sgtens consider one of the twails alway to be azero volts, or “ground”. Train
direction is controlled by setting tip@larity of the other rail relative toetcommon rail: positive voltage will rove
the train in one direction, negative vgéain the other. Either railay beselected as the canon rail; the choice is
entirelyarbitrary But a given laput must havethe sare rail as cormon throughout. Figure 2 below shows a
layout wired using the comon rail method.
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Why use a comon rail wiring systen®? There are two goocasons. First, since the cmon rail is alwag at
the sama voltage, namy 0 volts, You don't have tgrovide anyswitching for the common rail when connecting
cabs to blocks.

BLOCK 1 BLOCK 2 BLOCK 3
CAB SELECTOR CAB SELECTOR CAB SELECTOR
TO OTHER
cAB
SELECTOR
SWITCHES
A\ ) Vi ) \l ) NORTH
RAIL
SELECTOR
NN NN [N DECKS
NORTH RAIL
cllcl|c|lc||c : : : :
Allallallal]|a
A e e e e BLOCK 1 BLOCK 2 BLOCK 3
1 2] 3| |al]ls

SOUTH RAIL IS COMMON RAIL

LAYOUT COMMON CONNECTION

NOTE: Only NORTH rail gapped at block boundaries.
SOUTH rail leads installed to provide low resistance path to cab
Cabs are internally isolated from each other electrically.

Figure 2 Common Rail Layout Wiring

Second, since the conon rail is alwag at the laput conmon voltage, verginple circuits can be used for
train detection byonnecting the gomon rail through the detector circuitleyout common. Such detectors
usually cost less than isolated detectors.

Sonetimes nodelers express the feeling that eoom rail wiring cannot be usefdr certain railroad track
configurations. In each case, thesedelers have tried teelect their common rail usinga rule such as “the right
hand running rail is comon”. Please, please, do not uselstules. In a sense, thaye correct: THAT RLE
WILL NOT WORK.

However, if you use a rule thatysa‘the north rail is common”, you will have no problera whatsoever. Pick
the north rail, or the south rail iby prefer, but use ¢hsane rail as the common rail everyvhere on pur layout.

If you use DC control, the BD8 witinly work if you use common rail wiring for your layout Converting a
two rail switched layout to comon rail is sinple - if the cabsre electrically isolated. Sty pick a rail to be used
as the comnon rail, and then tie togethall of the cab lines that connect tathail, bypassing whatever cab select
switches pu may have.

Only reversing sections need to batiied with both rails isolated. Thidlows you to reverse the connections

to these rails to aich the polarity of these rails adrain enters and exits the reversing section.
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Sorre additional nodifications nay be necessary you are routing power through track switchesor&on that
in Section 5, POWER ROUTING THROUGH SWITCHES.

2) COMMMAND CONTROL SYSTEMS
Command Control systens, and there are several good oneslable, are gaining a share of therket. They

offer the greatest flexibility currentigvailable for operating uftiple trains on a layout. As the NRA DCC
standard gains wider acceptance, we can all expect thisdermof control used mreand nore. Figure 3 below
shows the tgical wiring for a laput using conmand control. While the diffeent systens use their own sthods

for implementing the control and paw stations, the lauts all seento be wired as shown.

TO OTHER
BOOSTERS OR
POWER STATIONS TO OTHER
TRACK
POWER
- L FEED
c N POINTS
o
N
T B
cllcllcl[c] e R 0 NORTH RAIL
Allallallalla 0 o
Bl |B||B||B||B L S
T SOUTH RAIL IS COMMON RAIL
1 2][3]|4]]5 S E
T R
A
T
I
o
TO OTHER
N S TRACK
L POWER
LAYOUT COMMON CONNECTION FEED
POINTS

NOTE: Gaps are only used to isolate frogs, or to separate power stations.
Think of the entire layout as one single block.
Cab connections to control station depend on the specific command control system used.

Figure 3 Command Control Layout Wiring

With Command Control, full voltage of somform is always applied to the entire track. Included in this
voltage is soraform of electrical signathat is picked up by a receiver withélach engine, and decoded to apply the
desired voltage and polarity to thetor. Note that, ultirately, the mtor needs a DC voltage and polarity to rotate
and nove the train.

There are various syens for enbeddingthe control signal in the high curremtd voltage that appears on the
track. These systesrallow each engineer to control higitranywhere on the layoutidependent of what the other
engineers are doing, and without routing power to thdogks. In this regard, thesessgns are extremly
successful. Using a canand control sgtemlets you have a cornfield eet if you want to or get careless!

Command control sgtens may, or may not, be comrmon ral systens. Specifically, the NMRA Standard DCC
Systemuses “boosters” to provide power to the r&lsthe engines and otheonmand decoders which are
attached to the rails. For significaathnical reasons, there can be NO eations between the outputs of different

boosters. This pans that separate BD8sishbe conneet to each separate DCC booster. As far as the output of

52



TSSI BD8 MANUAL

a single booster is concerned, its oufgutonmmon rail” wired; but there ia separate “comon rail” for the power
district connected to each sepafadester. All BD8 boards connectedthe output of a given booster will share a
single “common rail” within theassociated power district.

Other sytens have “power stains” of sone kind which provide the eobined power and control signal
voltage to large aounts of track. Sostimes, particularlyfor large layouts with @y trains running, you will want
to divide the layout into several siens and power each fromseparate powenit. This will help in finding short
circuits since only the shorted sectiwill stop functioning, and it also dividehe current drawn by the engines
anong the power units. &t of the units have airent limt somewhere in the 4 to 8 apere range.

To wire a laput for non-DQ@ cormmand control, follow ag specific instructions provided wittoyr system
As far as we know, the BD8 Occupancy Detector Boaldwark with all command contol systens. Should you
find that it doesn't, simply let us know within 30 dg and we will provide a flurefund upon return of your BD8
boards in working condition. Naturajlwe are interested in getting weegr infornation we can about your

command control sgtemso we can designdetection systerthat is corpatible.
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OTHER SIGNALING
AND LAYOUT CONTROL
PRODUCTS WE SUPPLY

BD16 Block Occupancy Detector for 16 blocks
BD8 Block Occupancy Detector for 8 blocks
MSC Master Signal Controller

GCC Grade Crossing Controller

GCX Grade Crossing Expander

Detectable Weel Sets

Signal Mounting Adapters

Optical Isolators

AndournewCLICS™ System

COMPLETE LAYOUT INTEGRATED CONTROL SYSTEM
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