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Applying Ferrites to Signal Systems

By G. R. Cass and ]. Sagues*

philosophy of railway signaling has

been the development of foolproof

control mechanisms which make it im-

possible for a dangerous condition to
- be set up. Generally speaking, the sig-
nal control mechanisms are both “fail
safe” and “interlocked.” The “fail
safe” feature insures against compo-
nent failure, while the “interlocking”
feature insures against human error.

Signal control was based for many
years on mechanically interlocked lever
frames and mechanical actuation of
the signal. During recent years, how-
ever, there has been an increasing
tendency to replace the mechanical
systems by electrically operated de-
vices.

The electrical systems use electro-
mechanical relays as the basic switch-
_ing unit and interlocking of the relay
j network is readily achieved. Tele-
phone-type relays are thought to be
quite inadequate to provide the desired
degree of safety and reliability and
other highly reliable relays have been
developed. These incorporate large
coils, heavy carbon contacts to prevent
welding, large spacing between termi-
'nals and accurately aligned moving

parts. Unfortunately, the cost of these
- relays is high and they are bulky.

This paper describes some prelimi-
| nary investigations into the possible
use of new electronic components for
the signal control duty, the main ob-
jectives being:

1. To insure that the alternative
switching components will satisfy the
safety requirements.

2. To provide a less expensive and
less bulky system.

|
o An important aspect of the design
|
|
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In recent years, static switching devices in the form of
ferrite cores have received increasing attention and usage
in industrial controls. In this paper, originally presented
before the Institution of Railway Signal Engineers (Eng-
land), the possible use of these devices in signal circuits

is explored.

3. To have a high degree of relia-
bility. The new system is expected to
be at least as reliable as the present re-
lay circuits, one improvement being
the elimination of moving contacts.

Electron tubes do not meet the re-
quired standards of safety and relia-
bility; inter-electrode shorts may occur
and the accidental removal of the bias
could cause the tubes to be switched
on, thus giving a false indication.
Solid-state devices such as transistors
and semiconductor diodes have a very
high degree of reliability but, like
electron tubes, are subject to both
open-circuit and short-circuit types of
failure and hence may not be used in
the signal control path; they may,
however, be used in circuits, described
later, where any form of failure would
result in the circuits operated by them
failing to safety.

Ferrite Cores

It was decided to use ferrite cores
exclusively in the signal control circuits
because they are entirely passive ele-
ments. Transistors are used to provide
a power source for the core “gates” to
operate. Diodes are used in parts of
the circuit which depend upon their
rectification property; that is, the di-
odes must act as rectifiers rather than
as bilateral resistors.

The scope of the work presented
here is limited to an investigation of
some of the possible uses of these new
components in railway signaling and
does not attempt to present a com-
plete system or one that conforms to
all the restrictions and refinements of
railway signaling practices.

In general, ferrites are chemical
compounds of the form MFe20,
(where M is a metal) which are
pressed and sintered. The ordinary
ferrites have a very high magnetic
permeability and an extremely high
electrical resistivity in all directions.
The first property is of value in in-
creasing the coefficient of inductance
of electrical circuits. The second prop-
erty means that eddy current losses are
negligible, and therefore ferrites are
useful at relatively high frequencies
(about 1,000 times higher than the
best laminated silicon steel).

“‘Square Loop™ Ferrites

Perhaps a more interesting class of
ferrites for the present purpose is the
so-called “square loop” class. These
ferrites are similar in appearance to the
ordinary type. They also have a very
high resistivity, but their magnetic
properties are much different. Fig. 1 is
a graph of flux density as a function of
magnetizing force for these materials.
The diagram shows that the residual
flux density B, is almost equal to the
maximum flux density Bpay. If the ma-
terial is in the state which will be arbi-
trarily called - B,, and a magnetizing
force H is applied to reverse the flux
direction, it is seen that very little flux
change takes place until H, is reached,
at which time the flux promptly re-
verses to the other extreme. This hys-
teresis effect is attributed to the par-
ticularly strong magnetic dipole of the
molecules of the substance.

If a magnetizing force is applied
which is not great enough to “switch”
the core, then various minor hysteresis
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continued

paths will be followed. Here again the
residual flux density will be almost
equal to By In Fig. 1 if the core is
at — B, and a magnetizing force H, is
applied and then removed, the flux
will follow the path 1-2-3. The ratio of
B: to Bpax is called the “squareness”
ratio of the core and is a criterion of
usefulness for applications based upon
the switching properties of the core.
The temperature at which the cores
lose their magnetic properties is about
300 deg C. Square loop cores are man-
ufactured in the form of toroids of
various dimensions. For ease of wind-
ing in the laboratory one-inch diam-
eter cores have been used.

The following electrical circuit
properties of coils wound on square
loop ferrites are used as the basis of
design for the new system:

1. A small flux change, as occurs
when the core flux moves along the
line — B; to — Buax or +B; to + Bpax
will produce only a very small voltage
on any of the linking windings. If,
however, the flux change is from — B,
to + Bpax or from + B, to — Bp,x, then
a relatively large voltage will be pro-
duced. This follows from Faraday’s
Law of Induction.

2. The cores are current defining
devices, that is, so long as saturation
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Figure 1: Ferrite core hysteresis curve.

Figure 2: A two-input “AND" gate.
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is not reached, they will allow only a
constant value of current i. to flow
through the winding, regardless of the
voltage applied. The current i, cor-
responds to the magnetizing force H,
in Fig. 1.*

3. If less current than i, is forced
through, the core flux will not move
around the B — H loop. From property
(1) it can be seen that in such a case,
very little voltage will be developed
on any other winding.*

Gates

Using the three relations stated in
the last section we are now in a posi-
tion to construct a two input “and”
gate. This is simply a device with two
inputs and one output; both inputs
must be energized at the same time to
get an output. Fig. 2 shows such a
circuit. Core 1 has two winding of N
turns with relative polarities as shown.
(The dotted terminal convention is
used, that is, ‘“currents into dotted
terminals cause fluxes that add,” or
alternatively, “dotted terminals have
the same instantaneous polarity.”)
Points A and B are the two input ter-
minals with respect to earth. Here and
throughout the rest of the paper a 30
ke square wave of 20 volts amplitude
has been adopted as the power source.
The reasons for this voltage form will
be given subsequently. This voltage
will be referred to simply as E (mean-
ing the instantaneous bus voltage).
Then, if E is applied to point A, and
point B left uncompleted, a current i,
will flow through coil “a” down to

the N winding of core 2. Since i, will

2
correspond to H. for core 1, this core
will cycle around its BH loop; but i.,
is exactly half the necessary current
required to cycle core 2 since it

has = turns. Since core 2 does not

2
cycle, no output voltage will be devel-
oped on its output winding. If now
point B is connected to E, then core
1 will stop cycling since the two input
currents are in opposite senses, thus
causing no net magnetizing force in the
core. Therefore core 2 will cycle, since
point C is at E, and an output will
result.

In this type of gate the input ter-
minals (A and B) are either connected
to E or open circuited. This is not al-
ways possible in practice and so a gate
whose input terminals are either E or
O volts is useful. In Fig. 3, if point A
is at E and point B at zero, then i

* The authors’ mathematical proofs for
these statements have been omitted here.

flows into the winding of core 3. Thi
is insufficient to cycle 1t, hence there is
no output voltage. If now, point B is
raised to E, an additional current i
is available. !

The sum of i¢ + i, is just sufficient’
to cycle core 3, giving an output.

The output of a two-input “And
gate” can be fed into another such
gate and thus “And gate” of any num-
ber of inputs can be built up.

Amplifiers

The voltage wave form degenerates
after passing through several gates and
it is necessary to regenerate it occa-
sionally. For this purpose a regenera-
tive or amplifier circuit is necessary.
Fig. 4 shows the circuit of such an am-
plifier. Cores 1 and 2 are connected in‘
such a way that there is no net voltage:
around the loop composed of the “a"
coils, that is, the control circuit. Core’
3 will thus have only half current flow-
ing into the winding. Core 4 is an in-.
put transformer and core 5 is a series.
inductance to filter out switching tran-
sients. The diode and condenser im-
pose an average dc current in the con-
trol loop if there is a signal present at
the input terminal. This dc control
current will saturate cores 1 and 2 and
core 3 will then receive the full bus
voltage and develop an output at the
terminal marked “+ output.” The extra
winding on core 3 is a so-called “nega-
tion” output. With no input voltage
at the input terminal core 3 will not
cycle, therefore no voltage will be de-
veloped across any of its winding.
thus the terminal marked “— output”
will be at E by conduction through
the coil up to the bus. When an inputl
voltage is applied, core 3 is cycled. s
voltage equal to E is developed acros
each of its windings and the potential
at “—output” disappears because of
the relative polarities of the coils.

This outline is quite standard mag-
netic amplifier practice except for ont
very important feature. The square
loop output core gives the amplifier 2
threshold characteristic. For no input
there is no output. As the input volt-
age is increased the output stays a
zero until a certain threshold &
reached, thereafter the output goes up
very rapidly. The threshold input level
can be designed to have a large rane
of values. The threshold effect means
that amplifiers can be cascaded with-
out an accumulative “leak-on™ effect.
Typical amplifiers have the followins
characteristics: Input 20 volts at 15
ma giving an output of approximately
20 volts at 150 to 200 ma.

The threshold effect mentioned in
the last section enables the modifica-
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APPLYING FERRITES TO SIGNAL SYSTEMS continued

whole may not be entirely obvious.
From Fig. 4, in order for cores 1 and
2 to pass enough current to core 3 to
cause it to develop an output voltage,
they must have an average dc current
flowing in the “a” coils, or control
circuit. An ac current flowing in the
control circuit results in no output.
Thus if the diode “opens,” there will
be no current in the control loop, and
hence no output voltage. If the diode
“shorts,” there will be ac current in
the control loop and hence again, no
output voltage. If the condenser
“shorts,” there will be no control volt-
age. If the condenser ‘“opens,” the
magnitude of the dc current in the
control loop will be so reduced that
the amplifier will have either no out-
put whatever, or a very small output
when it would otherwise be “on” fully.
The diode and condenser do not occur
indiscriminately in the circuits but
only in the way just described. The
same arguments apply also in the case
of the bistable unit and inhibiting gate.

In general, it can be said that all
forms of circuit failure are safe except
an insulation failure in some coils.
Several suggestions for rendering in-
sulation failure less of an objection are
considered later.

Simple Switching Example

The design of the various gates,
amplifiers and bistable units which,
when connected together according to
some design procedure will control the
signals, has been discussed. The logical
design of such a system is best shown
by taking a simple switching function
as an illustration. A simple route con-
sisting of two sections of track only
will be considered (see Fig. 7). If the
two sections of track are unoccupied,

the route may be set by turning the
entrance key and pushing the exit but-
ton. To make this illustration more
complete, it will be assumed that the
signal will be cleared only if an asso-
ciated route, not shown here, is in
the normal position.

The system must have at least two
gates which will “open,” that is, allow
power to go through when the track
circuits are clear, and an “inhibit” (or
negation) gate which will open in the
presence of a signal from the asso-
ciated route showing that it is normal.
All three gates require a signal to be
present before they will open; this is
in accordance with the usual safety
precautions which require that a dis-
connected wire shall produce the same
effect as a condition closing the gates.

The route trigger is a bistable unit
which remembers that the exit button
has been pushed, that is, that the route
has been called, and will allow power
to go through the rest of the circuit if
the above conditions (labeled 1, 2 and
3 in Fig. 7) are satisfied.

If the route cannot be set up due to
one or more of the safety conditions
not being satisfied, or if, after the sig-
nal has cleared it is returned to normal
by the passage of a train, the signal-
man is required to restore the entrance
key before he can call the route again;
the operation of the exit button alone
should not clear the signal. This con-
dition is satisfied by the bistable unit
called in the diagram the “button
trigger.” This unit will interrupt the
power to the exit button once the but-
ton has been pushed, regardless of
whether the route has been obtained
or not. The trigger is fed from the
negative output terminal of an ampli-
fier unit; that is, power is supplied to
the trigger when the amplifier is off.

Figure 7: This example illustrates how ferrite cores could be used in signaling.
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The trigger is turned on by means
the normal contacts of the entr
key, and will remain on irrespective
the position of the entrance key. Po
is now available at the exit button.
turning the key and operating the
button, the route trigger will or
not come on, depending on whethi
the conditions 1, 2 and 3 are satisfi
or not; at the same time, the ampli
is turned on; thus there is no po
at the negative output terminal
the “button trigger” is turned off,
terrupting the power to the exit b
ton. This switches off the ampli
and restores the power to the trigg
which remains off until the restorati
of the entrance key. In other wo
the operation of the exit button ca
the power to it to be interrupted
gardless of the state of the route t
ger, until the entrance key has
restored.

This unit is not fail-safe since
connecting the lead (4) from the e
button to the amplifier would result
the power to the exit button not bei
interrupted on operation of the e
button. However, this does not affec
the safety of the circuit as a whole.
since the necessity to restore the en-
trance key once the exit button has
been pushed is dictated by convention
and not by safety considerations.

The amplifier increases the power
available to the value required to op-
erate the signal lamps. The negative -
output from the amplifier unit is used
to operate the “inhibit” gate of the
conflicting route. This output is pres-
ent only when the amplifier itself is
producing no output, that is, when the
route is not set.

Thus it can be seen that this “logi-
cal” switch system simulates exactly
the behavior of relay systems.

Interlocking Example

It was decided to instrument a
model of a double track junction, the
symbolic diagram of which is shown
in Fig. 8. Several of the refinements
usually found in standard signaling
practice (route-locking, for instance
have been left out of this model for
purposes of simplification. It must be
emphasized, however, that these omis-
sions do not imply any inherent limi-
tations of the circuit approach pre-
sented. In fact, at this stage of the -
investigations, no reason has been
found to prevent these new circuits
from performing all the functions of
the present relay system. It is felt that
the existing model is sufficiently com-
plex to demonstrate the possibilities of
the system.

Fig. 8 shows a block diagram of the
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Figure 8: Circuits such as this interlocking example may be used to perform all the functions of the present relay system.

circuits involved. The diagram is some-
what simplified to facilitate its inter-
pretation. Several design short-cuts
have been used in the development of
the circuits since all units are not yet
compatible. The achievement of com-
patibility between all units will require
more circuit development. Relays have
been used to start the model switch
machine motors. These relays are
analogous to contactors in present
switch machines.

The power source generator is
shown as the box marked “Generator.”
It consists of several power transistors
in a saturation controlled oscillator
followed by current amplifiers. The
output transistors act as switches mak-
ing and breaking the connection from
the output terminal of the generator
to a dc source. This is a “fail-safe”
circuit since failure of a transistor will
inevitably result in no output from
the generator, which is transformer
coupled to the bus. The basic repeti-
tion rate is 30 kc per second. This fre-
quency was chosen by consideration of
the physical size of the core. E was
chosen as 20 volts, and 50 turns as the
smallest number of turns on any core
(to limit heat dissipation).

A typical route, route 3, in Fig. 8,
will now be considered in detail. With
the entrance key in the normal posi-
tion and the exit button released,

wer is available at the “button
trigger” which is switched on by the
normal contacts of the key (a). On
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operating the key, the “button trigger”
remains on, and, if track relays E, D,
F and H, are energized the bus voltage
proceeds through the E, D, F and H
gates (b). Then, with switch 100 re-
versed, the bus voltage passes through
the corresponding gate. If the switch
is normal and the detector circuit, BT,
is unoccupied, an alternative path is
established by gates “BT” and “100
WN” (c). The two inhibiting gates
then follow. These gates will only be
open if routes 2 and 4 are not lined.
This is fail-safe since an opening of
the connection to the “control” termi-
nal will close the gates, as described
previously. Power is now available at
the input of the route trigger (d),
which may be switched on by pressing
the exit button (e). This action also
causes the button trigger to be switched
off, via its amplifier, thus interrupting
the power to the button. The route
trigger controls the amplifier (f),
which provides an inhibiting condi-
tion for routes 2 and 4, and an output
to actuate the signal. That is, follow-
ing down from ‘“+out” terminal of
the amplifier (f), if switches 100 and
101 are normal, they will be reversed.
The power can then proceed through
the two gates “100 RW” and “101
RW?” to the signal light.

The route trigger (d) is holding
through all the necessary gates. Inter-
ruption at any point will turn it off
and a new route setting will be re-
quired. This can only be obtained by

first resetting the key, since no power
is available at the exit button until this
is done.

Conclusions

The preceding circuits do not solve
all the problems encountered in rail-
way signaling. Such refinements as
approach control and locking and
timing circuits have not been included.
However, it can be said that their in-
clusion would not present a major
problem. The work has in fact shown
that a system as safe as and in all prob-
ability more reliable than the present
electro-mechanical relay system, can
be designed at a cost remarkably
lower than the relay systems. Prelim-
inary estimates would indicate a re-
duction in cost by a factor of the order
of ten.

One-inch diameter cores were
chosen for ease of winding in the lab-
oratory. One of the first improvements
that come to mind is a reduction in
core size. This measure, together with
an increase in the power source fre-
quency would lead to a more efficient
system and to the need for less turns
in the coils. It is conceivable that the
number of turns would be so small
that each turn would be physically
separated from its neighbor, thus elim-
inating insulation problems. “Potting”
the units in resin would render them
entirely weatherproof and shockproof.

(Continued on page 48)
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TRAIN-TO-WAYSIDE

Radio Control System

FOR REMOTE SUPERVISORY
CONTROL OF LINE-OF-ROAD
COMMUNICATIONS

This new Series 9100 R. W. Neill Remote
Control Equipment is designed for use on a
standard operating division train dispatching
telephone circuit. It provides a coordinated
main line controlled radio system of all fixed-
base stations, with communications between
the dispatcher’s office, wayside stations, and
radio-equipped mobile units.

Any make of radio equipment in new and
existing systems can be used with the R. W.
Neill Remote Control Series 9100 equipment.

WAY STATION ENABLES

OPERATOR +o.

e Control local radio station while
monitoring dispatcher line

o Talk and listen on dispatcher tele-
phone and monitor local radio sta-
tion separately

o Exercise emergency control of local
radio station in case of line break

FAIL-SAFE DESIGN

o Transmissions automatically limited
to one minute

o Automatically releases selected sta-
tion held on more than five minutes
(variable) after last transmission

provioes DISPATCHER

WITH FACILITIES TO:

o Select waystation for intercommuni-
cation

o Select and monitor any remote radio
receiver

o Select and operate any remote trans-
mitter and receiver

o Mute remote reccivers as required
e Disconnect any remote radio station

o Control local radio station and
monitor dispatcher circuit separately

o Talk and listen on telephone circuit
and monitor local radio station
separately

Write today for a copy of the illustrated bulle-
tin on our Series 9100 Remote Control Equipment

R. W. NEILL COMPANY, INC.

Communications Equipment Manufacturers o

4320 MONTROSE AVENUE
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FERRITE CORES IN :
SIGNALING

(Continued from page 23)

The design of entirely compat
units, that is, units that could
connected together indiscriminatel
would be the next step. At present,
amplifier unit is the only one that i
entirely compatible, that is, it ca
have any other unit as input or output
Finally, to facilitate wiring and redu
wiring costs, the design of the bas
circuits as “plug in” units seems to
indicated. i

The present investigation has bes
carried out in close collaboration wit
the British Transport Commissi
who placed a contract with the Elex
trical Engineering Department of
Imperial College for the equip:
required.

ACCIDENT REPORT ;

(Continued from page 27) ‘

ern enginemen were injured.

Under the rules of both carriers
reverse movement within the limi
of an interlocking, or a forward mov
ment after making a reverse mov
ment, must not be made without
proper interlocking signal indicati
or permission from the operator. |
the instant case, the forward move
ment to the crossing, after a revers
movement, was made without permi
sion of the interlocking operator.

The investigation also disclosed that
the interlocking was maintained and
operated by the Southern, and tha
the CofG track circuit extended eas:
ward in the interlocking to a point
17.6 ft west of signal 20, instead of w
this home signal as required under the
Commission’s rules, standards and in-
structions governing interlockings. i
the CofG track circuit had extended
throughout the interlocking as re
quired, the locomotive of Extra 14l
West would have occupied this trac
circuit when it stopped after the coup-
ling was made to the cars on the pid-
up track. The interlocking operato
would thereby have been unable t
cause signal 2-4 to indicate Procead
for the movement of First 153 through
the interlocking, and the accident
would probably have been averted
In this case, the Commission has taken
appropriate action to obtain com
pliance with its rule requiring track
circuits and route locking to be pr-
vided throughout interlocking limit
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