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; A low cost remote control syster for rmodel tralns employs
" | 8CR's. Both trapemitter and recelver circulitry are dis-
cussed. Multichannel systewm &llows independent simul tan-
ecous operation of many trains oo ore truck.
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?The ASTRAC syster 1s an excellrnt exanpl~ of the cormer-
. einl possivilities for UCR's. low cost and hish perflor-
'munom make tne rewote control features of tals systewm very
etiructive. Initinl market penetrations show excelleat
L consuler woceptuoace.
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By cutting out thrs rectangls and fulsin  on the center Lo thin above ‘nfarmation can be fitted
into a standard card file,
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One principle objective of model rallroading 1s reallsm. Many hours and
thousands of dollers have been spent in the perfection of reproductions of raill-
road equipment. However, until a short time ago, very little had been achicved
1ﬁ the simulatioc of truec treir operation. Independent operation of multiple
trains on one treck had been cumbersome, to say the least. The low speed per-
formence of smaller gouge model trains left quite a bit to be desired. Without
complicated and ol<2n expensivs equipment, headlamps and parlor car lights varied
in brightness with the speed of the trairc. It is obvious thet while mechanical
reallsm flourishcd, operationzl realism floundered.

Early in 1952, the concert of selective frequency coztrol for multiple train
operation was revived. Thils =mezns of ccntrol had been employed as early &s the
thirties, using thyretron tute:z as the motor control element. Conslder, 1f you
will, the slze &xd weight of & thyratron comtrol receiver, mounted in & trein,
complete with two tutes, A, B, end C batteries, coils, capecitors, and the sundry
other items necescsary fer operztlon. Virtually a whole trein was necessary to
house this equiprmezt. Additiozzl other problems, such as tattery life, hazerdous
voltagees, heat apd izstability, branded this method of control unsatisfactory.

In principal, selectlve Ir=zqguency coutrol is basic. Deflning a selective
freguency control system, we =izht list the following pareameters:

1. Each train ezgine wcull be controlled by a single frecuency signal.

2. The signzl, applied tc the tracke, would te intercepted by a selective

receiver in that engize.

3. The signsl, processed ia the receiver, would be converted to a form
vhereby 1t controls ti.e power avallable to the engine motor, in s
proporticial munner.

L, 'The motor povwer would te pupplicd from the tracks.

Deviating for = mom~nt, 1t might be wise to counsider the bronder aspects of

selective freguency renote contrel, as 1t might have epplication to any nunber of




devices and products. A generalized parallel of the above parameters would be:

1. A single frequency signal would be used to control any device

requiring pover.
2. The signal would be carried by the power conductors to the device
and might be introduced at any point on those conductors.

3. The signal, iutercepted und.processed by & selective receiver,
could be used in either a proportioral menner, such as motor
spced control, or & step function, such as reley ectuation.

k. The power utilized ty the device would te supplied from & lice
source.

The ramificaticns of a selective frequency control for model treins are ex-
tensive. The size and welght of the total recelver 1s limited by consumer demznds
that 1t fit either in the ezgine itself, or one car imrcdlately behind, The re;
celver must be capable of hendling various loads, as presented by the many differ-
ent engines, tralns and motors both on and off the market. Power control rmust be
proportionnl, net stepped, end very smooth. High motor torque at creep speeds is
essentinl for realistic operation. Other mejor considerations are stability of
tuned circulte, tranzmitter frequencles end sctlve couponents, along with varis-
tions of track length, line voltage, track voltage, amblent temperature, the

number of treins opereiing oz one track at cue time, the regulation of the track

O

pover transformers, line losses, amount of operation, shock, vibration, detuning
by proximity to metele, co-charnel interforcence, compenent variations, frequency
spectrum, and lest but certeiuly rnot least, radio interfercnce.

At flret, the vndiuwvring dendgn of 0 system that m@eéu the above requlrs-ments
Jooks aifficult. After o sultle hint by the marketing wanager thnt the equipment
muat be Jow cost, 1t locks even worse,

This wes 10 mouths ago.  Today, the system 1e a reality.



At this goint, let me introduce you to ASTRAC', stenilug for Automatic
Simultaneous Train Control.
The ASTRAC system 18 & breakthrough in the area of realistic control for model
treins. Some of the features of the ASTRAC system are:
# Multiple train operation, slmultenecusly and independently, on the
same electricelly continuous track.
* Full voltage on the tracks at all times gives constent dbrilliance
to headlamp and parlor cars. Accessories requiring constant voltage
can be wired to the neerest track terminals.
* Ultre low speed operstion, at increesed pover. Creep speeds 5o slow,
you csn barely see the wheels turn.
* Higher power efficlency from existing pover packs by eliminstion c¢f
the rheostat exd rcctifier.
* AC track voltage allovws hetter balenced nultiple track feeds.
* Smell recelver sliie reans adeptabllity to most gsuge trainps.
* Simplicity of the system ellows equally simple installation.
* Low cost for zulil«channel - aulti-function rermote control systen.
The heart of this ALTRAC systen is the micro-raceiver -- tiny, rugzed end
stablc - made possible by 3illcon Ceutrollicd Rectifiers, hetter kaowan as SCR's.
SCR's &re very znevw mizfeture nower cciniol devices. capable of hapdling hizh

1oz, Toedr smels size makee Lhem invaluable for this

application. Ths clectrical coperatvicn eof an 30R is quit souzle. Barically, an
SCR 1e a type 2 dicie which will ¢llov current 7o pass ch-o.zbh it in coe direc-

tion ¢ v, Also, ro current will he allowed through vitil « small triggering

sig: - 15 appli e X SCR ettty 100k uu the way SCR's are utiliied in the

LRSS /e 1963.
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ASTRAC receivers. The SCR 1s in series with the load (e DC motor for model trains)
as shown in Figure I. The current that passes through the SCR will also pass thrnggh
the motor. The power supply to the trecks i1s in the form of 60 cycle AC voltagé
from a tronsformer, as pictured in Figure 2. Here the SCR 1s shown in its symbolic
form. Currcnt can pass through the SCR only in fhe direction of the arrow (anode
to cathode). This means that the circuit of Flgure 2 utilizes only the positive
half cycles of the AC wave. The current that would flow through the motor under
fvll conduction conditions is shown in Flgure 3.

As stated before, current can flow only when‘a triggering signal is applied
to the SCR. The esignal 1is applied between the gate and cethode of the SCR. Vhen
the gate becoumes stronzgly enough positive with respect to the cathode, the SCR

will fire, end current will flow. The pormal means of epplying the triggering

"signal to the gate-cethode is to use some of the transformer voltage, as shown in

Figure 4. The voltege necessary to fire the SCR is represented by the dotted line.

When the gate-cathode voltage reaches that level, point x, the SCR fires. One

'might imredietely think that the SCR will ceace conducting when the gate-cathode

voltaege reaches the firing level on‘the way back dowvn, point y. However, an SCR
is & device that will remaein in conduction until the current through it decreases
below & small epmough value known as the "maintenence current". Only when the
current rcaches that point will the device shut off. Ilowering, or even rermovel
of the gate-cathode voltage, will not shut off the conducting SCR. The motor
current for the circult of Figure L, then, hes only the first part of the posi-
tive helf cycle miesing.

Controllirg the average current through the motor cen be accomplished by
coﬁtrol]ing the point in the half eycle vhen the SCR 15 fired, as shown in Figure

L

5. This is normally termnrd "phase" control.

In order to bi-directionally control a train motor, both positive and nega-




tive current must be avallable to the motor. The circuit of Figure L would allow
only positive current to the motor. In the ASTRAC recelvers, two SCR's are used
in a back-to-back configuration to provide the positive and negative motor current,
es shown in Figure 6A. SCR 1 controls the positive Eurrent, and SCR 2 controls

the negative current. The operation of circuilt for "Forwerd" movement of the
trein (positive motor current) 1s shovn in Figure 6B, and "Reverse" movement in
Figure 6C.

The triggering signals for the SCR's in ASTRAC recelvers are in the form of
high frequency bursts, as shown in Figure 7. These signals are applied to the
gute-cethodes of SCR's through the simplified signal network shown in Figure 8.
The signal is pessed through a transformer to adjust it to the correct level.

Signzl bursts are generated bty a control transmitter. The output ¢f the
trensmitter ie connected to thz tracks in parellel with the treck transformer.

See Figure 9.  The mext point is the key to the ASTRAC control system: the sigrel
bursts from thc control transmitter are synchronized to the 60 cycle powver line.
Therefore, if sigral bursts are released every time the line voltege begins a
ﬁ051t1Ve kalf cyecle, then these signals will appcear on the tracks every time the
AC track vcltege begins a positive half cycle, providing the track voltage and
line voltage are in phece. The signal will be superimpocsed on the track voltage.
See Figure 10.

To produce a forwerd movement of & train, the synchronized transmitter eignel
bursts sppecr oo the positive half cycles of the AC track voltage.

Reverse motion requires signal burste on the negetive half cycles. This
irplies a 180 degree phese shift between the track voltage and transmitter volt-
age to accemplish direction reversal. Thils can be sccomplished by reversing a
line cord plug, or by Iinserting a doulle pole -- double throw reversing switch

somawhere in the AC supply line, ecither to the track or to the transmitter,



The transmitter outpﬁt for the ASTRAC system has the following characteris-
tics:

l. The signel bursts are constant amplitude, but variable width.

2. The width of the burst determines the conductlon period of the SCR's

in the receivers. The width, then, must be varieble from zero to
8.1 milliseconds, or one half cycle of the AC track voltage.

3. The amplitude of the bursts must be sufficient to fire the SCR's.

The only significent portion of the signal burst is the leading edge, since
1ts phase position with respect to the track voltage determines the conduction
period of the SCR's. The rest of the signal burst does nothing but contritute
to power dissipetion 1n the gate-cathode Juncticn of the SCR's.

Flgurc 11 shows a block diagrem of the ASTEAC trersmitter. A pover cccilile-
tor produces the high frequercy signal bursts. The oscilllator is turned or erd
off by a trigeer circuit. The trigger i1es in turn controlled by a line sync
circuit. The phase position of the signal burst leadirg edge 1s determined bty
a pulse width contrel in the sync circuit.

Figure 12 1is & schematic diagrem of the oscilletor. Baslcally, it is e
simple tickler coil oscillator. The main design considerations are power cutput,
end the shaping of the signal bursts. A high bets, high alpha cutoff PNP trans-
istor, with a 50 volt V.. reting, is currently being used. The fundamentsl
frequency of the sigpal bursts, 100Ke to 255Ke, imposes the elpha cutoff recuire-
ment., The beta spec d=ztermines to a large degree the shzpe of the signal Turst.
The oseillotor is & low output limpedance device, and 1s heavily danmped. Feed-
back is much heavier tiian tie minimun regulred for osciliation. This is to com-
persute for varying trock leoads. () 1s & DT blocking cepucitor in the feediack
circult. 03 is the emitter bypass eapacitor, and Cg is the tank cnpacitor. The

oaclllater has & high-C tank clrecult for optimum tempernsture stability. R7 and



Rg are base blas resistors. R9 i3 the emitter swamping and current limiting re-
sistor. Rjp is a damping resistor, to 'bleed" the oscillator output, and maintain
a foeirly lov impedence loed.

The input signai to the osclllator is a varisasble width square wave., The
amplitude, once agein, is constant. The amplitude 1s suffilclent to hold the
transmitter in a comducting state. This square wave 18 produced by the trigger
circuit, comprised as shown in Figure 13. Rsg 1s the collector load. Rg 1s a
current limiting and isolation resistor for the base of TRp. Ry 1s & negative
voltage limiter for the base-emitter Junction of TR-1. When a negative voltage
eppears at the 1nput, it is divided betweer the back resistance of the dicde,

D,, and the parallel combilnation of Ry and the beck resistance of the base-emitter
Junction. R), is effectively ten times less than elther beck resistance and serves
to protect the base-emitter Junction from reverse voltage breakdown.

The sync circult drives the trigger circuit into heavy conduction to initiate
a pulse burst. The sycc circuilt, in its simplest form, is shown in Figure 1k,

Line frequency vcltage is applied to the input. On negative half cycles,

C cherges very rapidly through Dj. C; discherges through Rp and Ry on positive
half cycles. 1f the discharge time constant 1s lerge enough, then C; will never
completely lose its rmegetive charge. This is shown in Figure lSA. Tp, the dis-
charge time is greater than 16.2 millisecconds, or one cycle of 6Ccps. INever
seelng a pousitive voltage, TR) of the trigger circuit remains cutoff.

Reducing the value of Ry, the pulse width control, produces & fester dis-
charge. At some poini, Ty Qill be less than 16.2 m3 and C; will charge positively
on the positive half cycle of input voltage. See Filgure 15B. Diode Dp and the
base-emltter Junction of TRy in the trigger circuit will be binsed positively,
and TRy will conduct heavily. The current flow through the base-emitter of TR;

limits the positive charge on Cj.
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With R equul to zero, diode Do of the trigger circult is driven by raw AC
from the line. TR; will now conduct for the full positive half cycle. See Flgure
15C.

Refinements to the sync circuit are shown in Figure 16. Rp and R3 comprise
a voltage divider to stabillize the discharge peth through TR;. Cp and Rjj) are e
simple locking addition but are the product of long hours of 1lnvestigation.

In actual operation, the motion of & trailn was noted to be Jerky as though
the quiescent SCR was firing sporadicelly. This misfirlng was first attributed
to a poor signal to nolse ratio, since motor brush nolse and wheel transients
were extremely high. The receiver did not misfire on & resistive loed, adding
to_the noise theory. However, cepacitors across motor brushes, azd high Q
sigral circuits in the receiver did not markedly inprove performance. Oscillo-
graphs of the track voltage showed the trensmitter signals to be in sync with the
track voltage. If the transmitter signal bursts were hanging over past polarity
reversel of the line voltage, the situation would have been explained. It then
occurred that the motor presented en inductive load to the circuit. The result-
ing phese shift across the loed proved to be Just eunough to caouse signel hang-
over. This was augmented by the forward anode-cathcde blas on the qulescent SCR
caused by the back emf of the motor. This is graphically 1llustrated in Figure 17.

Ao obvicus solution would be to stop the signal burst long before polarity
reversal of the line voltage. This could be done by a phase shift in the trans-
mitter. However, a fixed phase shift could limit the minirum conduction angle
of the SCR's. Therefore, & varioble phase shift was introduced, made up of Cp
and Ry of Figure 16. As the resistunce of R is rcduced, the phase shift of
the current through €3 increases. This causes the negative half cycle to reset
TRy Into cutoft much ahead of & linc polarity reversal on the track at maximum

burat width, when motor back emf 1s highent. At narrower burst widtlis, end lower



back emf's, it was found that misfiring was not so prevalent and less phase shift
was neecded for correction.

The phase shift mechanism is based ou the fact that the transmitter will
stop when the voltage on C; becomes negative. If the voltage on Cj precedes the
line voltage in phace, then the desired effect would occur. The phase shifting
components, C2 and Rjj, are in the positive charge circuit. When the positive
voltage goes to zero, TR) resets. The turn-on point 1s determined largely by
the minimum resistance of R, and Ry; in seriles in the C; positive charge path.
Concidering Rj reducible to zero, then the size of Rj; will detcrmine the maxi-
mum width of signal burst. R;j; and C, are adjusted to produce optimum phase
shift end minimum burst vidth compressicn.

The full schematic of the receiver is shown in Figure 18. 1; and C; form a
series resonant circult which 1s connected directly across the tracks. Maximum
current flows through Lj; et resonance, inducing maximum voltage in its secondar-
1e§. The seccndaries are connected across the gate-cathode Junctions of the SCR's
through current limiting resistors Ry and Rp. R3 and Ry shunt the gate-cathodes
and serve to hold the input impedance of the SCR's to & nominal value. Rj and R3
form a voltage divided as do Rp end Ry. This was done to reduce the amount of
noilse getting to the SCR's. O0f course, the signal was reduced by e like amqunt.
The sigpel reduction was compensated by an increase in the trensmitter output.

The SCR's used in tke receiver are 2I1595's heving a 5C-volt PIV, a 10 mil
gate and a 1.6 rms ampere ratirng. This current and voltzge rating 1s sufficient
to handle most cmaller gzuge trein motors.

The obtainable Q of the resouant input eircuit determined, to a large extent,
the layout of the frequency spectrum used in the system. The frequencies cliosen
were: 100Ke, 1hOKe, 180Kce, 220¥~ and 255Ke. The upper limit was set at 255Kc
to keep the second bermonic out of the brondcast band, minimizing radlo interfer-

ence,
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The extra frez.zoey spread at the low end of the spectrum has to do with SCR
sensitivities. SCR's are sorted, before use, into sensitivity categories. The
morc sensitive urits ere used in the upper frequency recelvers where total re-
celver sensitivity Zs controlled by the resistors in the firing circult, the
transmitter output =xplitude being held constant. Beceuse of circult Q and tuning
conslderations, co-crannel interference would cccur if the co-channel quiescent
receiver were too seasitive or the transmitter badly mistuned.

The firing circuit resistors are adjusted for the lower frequency receivers
to make use of the lower sensitivity SCR's. Yield in the sorting process 1s not
a problem since tie nigher sensitivity SCR's can also be used in the lower fre-
quency receivers. 7Toiel recelver sensitivity could bLe much greater than that of
an upper frequen:y rac2iver. Thils 1s no problem insofar es co-channel interfer-
ence 1s concernz2i =2s inZe lowver channel fregquency spread 1s adequate.

L1 is built r:o & 3/8" by 3/8" miniature shield can. It has an adjustable
ferrite core for tuzizng. The design of I for this size can is an extremely
difficult task. At resonance, the voltage &cross 1) is in the order of 250 volts,
the prcduct of the tremnsmitter output and the circult Q. This voltage and the
resonant clreuit Izpedsnce of Iy and C) causes & high current to flow through L.

Problems in

f)

cro ecaturetlon occur, causing & loss in firing voltage to the
SCR's. Operatin: iz +his high current reglon, the permeabllity and the inductencs
of the coil cher:: +i:tn sigreal amplitude. This problem manifests itself in the
change in recelver rsscrmant frequency wilth a change in signnl emplitude. The
result cen be mizlirizz cor loss of firing altogetier if slgnnl amplitude 1s too
large. Signal rozlizude varies with the line voltage to the transmitter and
regulution of the <racmenitter osclllntor power supply. The system must operate

on line voltages Trom OC to 135 velts i Lt 1s for consumer use., This further

complicates the protler of 15 design. One solution to this prollem in to use a
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construction with a relatively lerye air gap. High IC ratios have also proved
helpful in reducing recorant frequency change with signal amplitude,

The total receiver, oncc ascembled, 1s encepsulated in LTV-602%*, & clear
silicone rubber compound. The primary purposs of encapsulation 1s heat sinking
the SCR's. LTV-602 1s far inferior to & highly loaded epoxy, elthough it 1s
ten times befter then still sir. The choice of LTV-602 was based on other con-
siderations such as optical clarity (requested by Industrial Design), low duro-
meter for sliock proofing, insulation, and the ease with vhich the consumer mignt
trim the receiver to fit his particular train.

Mass production handling of receivers makes LTV-602 a natural since 1t is
eesily mixed, has & reasonable pot life and cures in a short time et room temper-
atures. Chlpped edzes cer be repaired without noticeable lines and with rnigh
bonding streugth.

Measurements were made to determine the velue of LTV-602 potting. It was
found that tempereture rise, measured at the bottom of the SCR case for rmeximum
load current, was 50% less in the potted receiver as compared to & receiver in
still air. Shock lozds, equivalent to two large trains colliding head orn et
150 scale mph, d4id absolutely nothing to a potted receclver.

The FCC is very specific about radlation interference at ASTRAC opersting
frequencics. Power line conduction of the transmitter signal 1s aloo specified.
Hovwever, since both Lhe transmittcr and the tracks are transformer coupled to
the line, no problem exists in this area. Rediation from the tracks 1s minimum
becnuse the parall-l conductors of the track resemble a transmission line. FEx-
tensive neasurermezts et vorse condltiones show the rediation to be well within

FCC limits.

* Gemernl Electric Company, Silicone Prodncts Department

I P e a - b 22 et e e e e —— "



Prudent design cf the ASTRAC units has produced & highly-acceptable cost
picture. The manufacturer'a selling price of the recelvers 1s in the order of
five dollars, which includes material, manufacturing, overhead, advertising,
adninistruative allocetiorn, engineering, tooling and, of course, profit. A
single trensmitter with & five freguency celector switch has & manufacturer's
selling price of about twelve dollars. This boils down to the fact that a double
function (forward-rcverse) carrier current remote control system, comprised of a
transmitter and a receiver, could be maede wlth extremely low costs. Adapfability
of this system to spccific arees, and products within the company might be highly
deslrable. Paremeters of the system such es operating voltages, frequency, etc.
ere flexible and cez Te rmodified to fit the need.

These SCR's erc golrz to market in model trelns, and I am confident that

they will soon be errecaring in many more applications.
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INSTRUCTION SHEET

MODELS K-2, K-4

The Models K-2 and K-4 ASTRAC Dual Control units are each capable of controlling
two trains on one electrically continmuous track, completely independent of each
other. Each unit has two separate speed controls and two separate forward/reverse
switches. Model K-2 operates on channels 1 and 5, and Model K-4 operates on
channels 2 and 4. Two terminals are provided for track connection wires. The
nine-pin socket is for future equipment, and should not be modified in any way.

If socket jumpers become disconnected, refer to the diagram below for prorer

T P
S

The ASTRAC System utilizes AC voltage on the tracks. " .s A. "an be supplied from
the accessory terminals of your present transformer. Tue DC portion of your
transformer is not used. The :(..20stat can be set at zero and forgotten. If your
transformer does not have accessory terminals you can use any AC transformer
having an output voltage i1 the 16-20 volt rarge. The ASTRAC receivers can be
operated with ~ " track v.ltages i the 3 [0 vol” range. Hrvever, 16-20 volts AC

is recommended, &nd will usw:.lly; prowc: ¢ fi. “ent ma. mm 'w2ec¢ operation. The
AC track volt~=-dig prevented from reaci. ~ Etu. DCmol - ¢ irc=Receiver,
The power supnt :. to the ' Lcor _5 contro’™ed by the cei .. +h iua..0n is
controlled by " siansmit¢ . When operated at er.., s, : . - '=eS matntain
mich higher pcwe “an that capplied by couventional contro..: ai Te peeds

the motor's armatu. . is not turning fast enough to prod'ce { .d ai: circulation;
therefore, creep - ,eed operation for extended periods of time will produce slight
rctor heatir~, v. ~h should be carefully controlled by the operator.

WARNING: Do not attempt to operate an engine without a receiver on tracks carrying
AC voltage. AC voltage is harmful to DC motors, and should be avoided completely.

Four trains can be operated simultaneously by Jjointly using a Model K-2 and a
Model K-k, All combinations of transmitter units must be wired in series with each
other, asz shown below.

s TRAIN OPERATION 5 TRATN OPERATION

K-2 K=l

K-5
YD Eigs e,

T Q@@ = 20|
K-2 K-L [ [
—= To Tracks

To Tracks
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2, K-l

Five trains can be operated by the addition of a Model K-5 transmitter unit. This
unit has one speed control and one forwa.rd/ reverse switch. It also has a five
channel selector switch which allows the operator to control any one of the five
trains on the track by merely switching to its particular channel. The Model K-5
comes ready to mount in a control panel, and includes a power cord, wire muts, and
all necessary hardware. When used along with a K-2 and a K-4, the K-5 can be used
. to cover channel 3. Wiring of the K-5 is covered in the K-5 instruction sheet.
Installation of Micro-Receivers is covered in the K-10 thru K-50 instruction sheet.

INSTALLATTON OF MODEL K-2 or MODEL K-i

l. Disconnect the “rack wires from the DC terminals of your transformer.
Re-connect them to the "Accessory" (AC) terminals on the transformer.

2, C(Connect two wires from the terminals on the back of the Dual Conttrol unit to the
track, as shown below.

NOTE: If trein runs backwards
with switch in forward
position, reverse tr-

B, O ". 11 . dse

@@ Bt i , R e
; : AN

[ e ! : ; e i
. ) - . L}

Questions on the ADTBA.C Sr-stem shoul. be refewre ‘o your dealer, o Lot ASTRAC,
Edr _ational Produc’s Engi..eering Secc.on, Lenesul liectric Co., 1..) lroad Street,
Ut ca, New York ;

r

L ¥ S
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