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ABSTRACT: An example of an interlocking switch arrange-
ment is a matrix design having an interlocking circuit con-
nected at each matrix cross point. Each interlocking circuit
‘ has a relay which when actuated closes the matrix at its as-
: sociated cross point. Prior to actuation of its relay, this circuit
1541 zN(;r:‘ﬁE ()ZC;(rl‘l:l'(i;nS\‘YgCH ARRANGEMENT grounds the matrix column and row buses at its cross point.
> £ . This serves to open the matrix at any other cross point in the
[52] uUs.Cl 340/166 R, same row and column thereby preventing the matrix from
317/137,340/147LP being connected at more than one cross point in any column
{S1] IMt.Cloeneoeeeee e H04q1/00, ‘“or row at the same time. The matrix design affords versatility
‘ HO04m 3/00 in that it permits interlocking circuits to be easily added to or
[50] Field of Search 340/166, removed from the matrix without affecting or requiring any al-
147LP;317/137 tering of the other interlocking circuits.
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INTERLOCKING SWITCH ARRANGEMENT
BACKGROUND OF THE INVENTION

The present invention relates.to an electrical interlocking
arrangement for switches.

There are presently available many arrangements wherein a
plurality of devices are interrelated so that but a single one of
the devices can be maintained in an actuated condition at any
given moment. These arrangements take both electrical and
mechanical form and generally utilize some type of interlock
to maintain a given one of the devices in an actuated condition
until a second device is actuated. Thereupon, the first device
is released and returned to normal, and the second device is
maintained actuated. .

With reference to electrical arrangements, the devices are
generally arranged so that the switch means are physically in-
terconnected with each other. By this is meant that circuit
paths run from each device into all of the other devices, or the
holding circuits are arranged in a series circuit path so that this
path is broken and an actuated switch released when a second
switch is'subsequently closed. While these arrangements may
have proven satisfactory in solving a particular design
problem, they lack versatility and therefore are quite limited
in their application. ) :

For example, if it were desired to remove one of a plurality

of switches or devices from such an arrangement, it would :

require the severing and remaking of the interlocking cir-
cuitry, and possibly the complete disassembly of the arrange-
ment. Along the same line, if it were necessary to add an-addi-
tional switch into the arrangement, essentially the same effort
would be required. In either event, the procedure is extremely
burdensome, resulting in an attitude that efforts to alter the ar-
rangement, once it has been assembled, should be discouraged
and other solutions found. -

SUMMARY

The above-recited problems of the prior art are overcome
by the present invention which provides an interlocking ar-
rangement for devices, such as switches, which is extremely
versatile and offers many advantages. The interlocking ar-

rangement utilizes individual circuits which are commonly .

coupled to one or more electrical lines without the necessity
for physically interconnecting such circuits.-Circuits so cou-
pled can be readily removed from the arrangement or new cir-
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-in an interlocking circuit. When any such relay is actuated, the
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cuits added without the need for disturbing or altering the -

other circuits in the arrangement.

Briefly, this invention includes a common line, a plurality of
interlocking circuits coupled to this line, each of the inter-
locking circuits including a first means for actuating a switch,
a second means responsive to a signal on the common line for

holding this switch in an actuated state, and third means for -

releasing any actuated switches in the other interlocking cir-
cuits through the agency of said common line.

It is an object of the present invention to provide an im-
proved interlocking switch arrangement in which individual
interlocking circuits in the arrangement can be added or
removed without altering the other interlocking circuits in the
arrangement,

Another object of the present invention is to provide such
an arrangement in which the interlocking circuits are not
physically interconnected.
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Still another object of the present invention is to provide -

such an arrangement which is extremely versatile permitting
modification to be readily accommodated without the need to
disassemble the arrangement or to remake or alter the existing
interlocking circuits. :

A further object of the present invention is to provide an im-
proved interlocking switch arrangement in matrix form in
which the interlocking circuits are individually connected at
each cross point without any necessity for interconnecting
such circuits.
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A still further object of the present invention is to provide
such an arrangement in which no more than one cross point of
the matrix in the same column or row can be connected at any
one time,

A still further object of the present invention is to provide
such an arrangement in which the matrix can readily be ex-
panded or contracted without the need to alter or remake any
of the interlocking circuits which remain in the matrix.

Other objects and advantages will become apparent from a
reading of the following description in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a preferred embodiment of the invention with the
interlocking circuits shown connected in block diagram form
in a'matrix arrangement; and :

FIG. 2 is a schematic diagram of a typical interlocking cir-
cuit.

DESCRIPTION OF THE PREFERRED EMBODIMENT

To understand the full scope of this invention there is shown
in FIG. 1 a preferred embodiment of an interlocking switch ar-

‘rangement in which a plurality of bus bars are arranged in

matrix fashion. The vertical bus bars are labeled COL. 1,
COL. 2, and COL. 3 and.the horizontal bus bars are labeled
ROW A; ROW B, and ROW C. A positive potential or bias
sourcesis connected to the right side of each row. The left side
of each row is open as is the top and bottom of each column
bus. This matrix arrangement of three columns and three rows
gives nine cross points.

At each cross point of the matrix there is a line 10,12,0r 14
by which a column can be connected with a row. Each cross

point will be referenced hereafter by one of these line num-

bers. Also connected to the column and row at each cross
point is an interlocking circuit 16, 18 or 20, which is here
shown in block form: Each of the connecting lines 1€, 12, and
14 contains an ‘open switch contact 22, 24, and 26. Fach of
these contacts.is controlled by a relay (hereinafter described)

contact which it controls closes and the matrix is connected at
that cross point.

The interlocking arrangement is designed so that the matrix
cannot be connected at more than one cross point in any
column or any row at the same time. For example, assume that
the relays associated with blocks 165 and 184 have been actu-
ated, thereby closing the contacts 226 and 24g, respectively.
Now assume that it is necessary to connect the matrix at cross
point 18a. This can be accomplished by actuation of inter-
locking circuit 164 and its associated relay which will close
contact 22a.

The operation of the interlocking circuit 164 will also cause
the release of the relays in interlocking circuits 165 and 18a
and the opening of the matrix at cross points 185 and 12a. This
is because the cross point of line 122 is in ROW A, the same as
the cross point of line 10a, and because the cross point of line
106 is in COL. 1, the same as the cross point of line 104. How
this is accomplished is described later. Note that if cross point
14c¢ had also been connected, the connection of the matrix at
cross point 10z would have had no effect because cross point
14c is not in either the same column or the same row as cross
point 10a. ' :

The closing and release of the various relays and contacts,
as discussed above, can be better understood by referring to
FIG. 2 which shows a typical construction of an interlocking
circuit 16, 18, or 20. A normally open pushbutton 30 is ar-
ranged to divert bias voltage, when depressed, from the base
of a normally conducting transistor 32. The collector output
of transistor 32 is connected to point A. Also connected at
point A is a time-delay circuit, including capacitor 34, and two
normally nonconducting transistors 36 and 38. At the collec-
tor of transistor 36 is line 40 which connects the interlocking
circuit to a row bus of the matrix shown in FIG. 1. The collec.
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tor of transistor 38 is connected to line 42 which connects this
interlocking circuit to a column bus of the matrix at the same
cross point as that connected by line 40.

At the output of the delay circuit formed by capacitor 34
and its associated resistors, there is connected a relay actuat-
ing and holding circuit formed by the transistors 44 and 48.
The collector of transistor 44 and the base of transistor 48 are
both connected to the winding 46 of a relay. The emitter of
transistor 48 is connected to line 40. Relay 46 is shown induc-
tively coupled to a cross point contact such as contact 22, as
described in FIG. 1. Relay 46 can also be coupled, of course,
to actuate another contact, such as contact §9, which would
complete a circuit in the message or signal portion of the cir-
cuit, as distinguished from the interlocking circuit of FIG. 1.

In operation, assume again that the matrix of FIG. 1 is con-
nected at cross points 10b and 124, and that it is now necessa-
1y to actuate the relay 46 in interlocking circuit 164 to con-
nect the matrix at cross point 10a. With reference now to FIG.
2, pushbutton 30 in interlocking circuit 16a is depressed. Base
current is diverted from transistor 32, and it turns off. The
positive potential now present at point A is not immediately
applied to transistor 44 because of the action of the delay cir-
cuit. However, capacitor 34 in this delay circuit begins to

‘charge.

The positive potential at point A causes transistors 36 and
38 to conduct, grounding lines 40 and 42, respectively. As
shown by FIG. 1, line 40 is connected to ROW A of the
matrix, and line 42 is connected to COL. 1 of the matrix.
Thus, both ROW A and COL. 1 go to ground. With ROW A at
ground potenual holding current is removed from the reldy
holding circuit in interlocking circuit 18a. For an explanation
of how. this is accomplished consider that FIG. 2 now
represents the interlocking circuit 184. The holding current on
ROW A is applied by line 40 through the emitter-collector cir-
cuit of transistor 48 and to the base of transistor 44. Transistor
44 conducts heavily and provides a current path through its
collector-emitter circuit for relay winding 46. When ROW A
is placed at ground by interlocking circuit 16a, current is
removed from line 40 in circuit 184 and, therefore, from the
base of transistor 44. As shown, transistor 44 and 48 are
regeneratively coupled, therefore, transistor 44 and 48 both
turn off immediately, terminating current flow through relay
46. This relay releases and its associated contacts open.
Therefore, in FIG. 1, contact 24a at cross point 12a opens and
the matrix is disconnected at this cross point,

In FIG. 2, when line 42, and thereby COL. 1, was placed at
ground potential by transistor 38 in interlocking circuit 16a,
ROW B also went to ground by virtue of it being connected to
COL. 1 through closed contact 22b.in cross point line 10 b.
Accordingly, holding current is now also removed from the
relay holding circuit in interlocking circuit 165 which func-
tions in the same manner as just described for circuit 184, The
relay 46 in circuit 16b releases, contact 22b opens, and.the
matrix is disconnected at the cross point 10b. Thus, all ener-
gized relays in ROW A and COL. 1 of the matrix have been
released.

In FIG. 2, the time delay of capacitor 34 is selected to be
greater than the dropout time of relay 46. Therefore, once
these relays have been released in interlocking circuits 165
and 184, capacitor 34 in interlocking circuit 16a attains a level
of charge sufficient to cause transistor 44 to begin to conduct.
The regenerative connection of transistors 44 and 48 cause
this transistor pair to immediately switch to a saturated con-
ducting state. Relay 46 is actuated and contact 224 in line 10a
of the matrix of FIG. 1 is closed and the matrix is connected at
that cross point,

When pushbutton 30 is released, transistor 32 again con-
ducts and transistors 36 and 38 go nonconducting removing
the ground potential from ROW A and COL. 1. Capacitor 34
is designed to discharge slowly so that sustaining base current
is available to transistor 44 to hold the transistor pair 44, 48 in
a saturated state until sufficient holding current is available
from ROW A, Thus, transistors 44 and 48 remain saturated
and relay winding 46 stays in its actuated state.
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It should be noted that the interlocking arrangement shown

. in FIG. 1 does not contain the message lines or signal lines
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which would be switched by the relays 46, although a message
or signal arrangement could obviously take the form of a
rectangular matrix of the same type shown in FIG. 1.

As described, the interlocking arrangement readily permits
the addition or removal of interlocking circuits. For example,
if it were desired to remove interlocking circuit 18¢, it would
be a simple matter to disconnect its lines 40 and 42 from ROW
C and COL. 2, respectively, together with line 12¢. This would
in no way alter or otherwise affect or require any adjustment
of any of the other interlocking circuits in the matrix.
Likewise, if interlocking circuit 18¢ was not connected in the
matrix it could be readily added by connecting lines 40 and 42
to'ROW C and COL. 2, respectively, together with line 12¢
and its associated contact 24c.

It should also be recognized that the matrix can easily be ex-
panded or contracted by merely adding or removing addi-
tional rows or columns, and this is readily accomplished
without affecting any of the interlocking circuits in the other
rows or columns. For example, ROW B or ROW C could be
removed from the matrix and their associated interlocking cir-
cuits disconnected from the bus bars. If both ROW B and
ROW C were removed, only ROW A would remain and with
the interlocking circuits connected only to ROW A, a cross
point switch contact would not be necessary. Alternatively,
additional rows could be added and interlocking circuits.con-
nected between these new rows and the column lines. Further-
more, the matrix can be made three dimensional by expansion
along the Z axis. In such case, a slight modification of each in-
terlocking circuit would be necessary. A third transistor
identical to transistor 36 or 38 would be connected between
point A and the Z-axis bus bar.

While specific embodiments of the invention have been
shown and described, it will be apparent that various modifi-
cations may be made therein within the spirit and scope of the
invention, and it is desired, therefore, that only such limita-
tions be placed on the invention as are imposed by the prior
art and set forth in the appended claims.

What we claim is:

1. An interlocking arrangement for switches comprising:

a. a common line,

b. a plurality of interlocking circuits connected in paralle} to

said common line,

c. a source of potential for said common line, said source of

potential being applied to each interlocking circuit,

d. each of said interlocking circuits including:

1. means for actuatmg one of said switches,

2. means responsive to the potential applled to said com-
mon line for holding said one switch in an actuated
state,

3. means responsive to the operation of said actuating
means for removing said potential level from the other
interlocking circuits thereby to release any actuated
switches in the other interlocking circuits, and

4. means responsive to said actuating means for delaying
actuation of said one switch until all other actuated
switches have been released.

2. Aninterlocking arrangement for switches compnsmg

a. a matrix, having

1. a plurality of row buses,

2. a plurality of column buses, said row and column buses
defining cross points,

b. a switch for connectingarow busto a column bus at each

of a plurality of said cross points,

¢. an interlocking circuit associated with each switch and

connected to a row bus and to a column bus,

d. each interlocking circuit comprising;

1. means for actuating its associated switch and thereby
connecting a row bus to a column bus at the cross
point, and

2. means responsive to said actuating means for releasing
any other actuated switches which are connected to the
same row bus or column bus,
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3. An interlocking arrangement for switches as claimed in
claim 2 further comprising: S
a. means in each interlocking circuit for holding its as-
sociated switch in an actuated state once said switch has
been actuated by said actuating means,
4. An interlocking arrangement for switches as claimed in
claim 3 further comprising;
a. a source of voltage for each of said plurality of row buses,
- said holding means in each interlocking circuit being con-
nected to receive voltage from said source for holding its
associated switch in an actuated state once said switch
has been actuated by said actuating means, and
¢. said releasing means in each interlocking circuit acting in
response to the operation of said actuating means to
remove said potential level from the other actuated inter-
locking circuits connected to the same row bus or column
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bus thereby to release the associated actuated switches,

5. An interlocking arrangement for switches as claimed in

claim 4 further comprising;

a. means in each interlocking circuit responsive to said ac-
tuating means for delaying actuation of jts associated
switch until said releasing means has released said as-
sociated actuated switches.

6. An interlocking arrangement for switches as claimed in

claim § in which;

a. each switch includes a relay having
1. a relay winding, and
2. at least one contact, said coatact being positioned to

connect a row bus to a column bus upon actuation of its
associated relay.



