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The present invention relates to a new and improved
method and apparatus for providing an electric locking
arrangement. More particularly the present invention
relates to a new and improved electric locking arrange-
ment which can be operated only by a unique impedance
keying device.

With the conventional locking arrangements in use
today it is relatively a simple matter to “pick” the lock,
provided sufficient time is available and a certain expert-
ness is used in the lock-picking procedure. To carry
this out with a conventional lock, it is merely necessary
to arrange the various sleeves and tumblers in the lock
until they are aligned in the same manner as they are
aligned when the actual key is inserted in the lock
and turned.

There have been locks which have been called “pick-
less.” These “pickless” locks merely provide a more
complicated arrangement of the tumbler sleeves so that
a little more time is necessary before this lock can be
picked.

Electric locks have also been made heretofore. These
conventional electric locks are very similar to the me-
chanical variety and consist of a number of cams which
use a plurality of microswitches that are actuated by the
insertion of the key. That is, the high points of the key
make mechanical contact with the microswitches to close
the same and thereby energize the lock actuating mech-
anism of the electric lock. These locks can be picked
even more readily because by proper juggling of the
various microswitches it is possible to close all of the
microswitches at one time.

In all of the previously manufactured locks, either
the conventional mechanical lock or the electric lock,
it is possible to duplicate the key used for opening the
lock. Therefore, if a person obtains the key used for
opening the lock, he can duplicate it with any standard
key making machine. Thus it can be seen that it is
relatively easy for unauthorized duplicates of a key to
be made.

On the other hand, the present invention does not
use the ordinary type of key. Therefore, it is not possi-
ble to make a duplicate key on the standard key mak-
ing machine, even after the key falls into unauthorized
possession. By means of the present invention the key
is provided with electric impedance elements. Upon
insertion into the lock, the electric impedance elements
contained in the key energize the lock actuating mech-
anism by completing the electric circuit. The electric
impedance elements complete the electric circuit in a
unique manner so that any other impedance or com-

bination of electric impedances, as the case may be, will

not open the electric lock.

It is accordingly an object of the present invention to
overcome the disadvantages of prior art locking arrange-
ments.

A second object of the present invention is to provide

a new and improved electric locking arrangement using’

a unique impedance keying device.
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A further object of the present invention is to provide
a new and improved electric locking arrangement using
a keying device which cannot be duplicated by standard
key making machines.

Another object of the present invention is to provide
a new and improved electric locking arrangement using
a plurality of switching means which are in either cir-
cuit-open or circuit-closed position and whose position
can be varied in a desired manner by the insertion of
the impedance keying device in the lock.

A further object of the present invention is to pro-
vide a new and improved impedance keying apparatus
for use in an electric locking arrangement.

Yet another object of the present invention is to pro-
vide an electric locking arrangement using an impedance
keying device including one or more resistances.

Still another object of the present invention is to
provide a new and improved electric locking arrange-
ment using an electric impedance keying device having
a plurality of ferro-magnetic cores.

With the above objects in view the present invention
mainly consists of an electric locking arrangement in-
cluding lock actuating means movable between lock
open and lock closed positions, a source of potential for
energizing the lock actuating means, a plurality of switch-
ing means connected in circuit between the source of

" potential and the lock actuating means, each of the

switching means being movable between circuit-open and
circuit-closed position, and impedance keying means
adapted to be connected in circuit between the source
of potential and the switching means for determining
the amount of current flowing from the source of po-
tential through the switching means and thereby con-
trolling the energization of the lock actuating means.

In another form, the present invention includes an
impedance keying apparatus for use in an electric lock-
ing arrangement and has an elongated member with a
hollow portion and an electrically insulated surface, at
least a first and a second electrically conductive contact
mounted on the electrically insulated surface, the con-
tacts being electrically insulated from each other, and
an electrical impedance disposed in the hollow portion
of the elongated member and being connected between
the first and second contacts.

The novel features which are considered as character-
istic for the invention are set forth in particular in the
The invention itself, however, both
as to its construction and its method of operation, to-
gether with additional objects and advantage thereof, will
be best understood from the following description of
specific embodiments when read in connection with the
accompanying drawings, in which:

Fig. 1 is a side view of an electric keying device for
use with the present invention and shown partially in
section;

Fig. 2 is an electric schematic diagram of an electric
locking arrangement which can be operated by the im-
pedance keying device shown in Fig. 1;

Fig. 3 is an electric schematic diagram of a second
electric locking arrangement constructed in accordance
with the principles of the present invention; and

Fig. 4 is an electric schematic diagram of an electric
locking arrangement constructed in accordance with the
principles of the present invention shown in conjunction
with the ferromagnetic keying device used therewith.

Referring now to the drawings and more particularly
to Figure 1, it can be seen that the impedance keying
device is mounted within an elongated key-like member
10. The elongated member 10 is tubular in form and
has an electrically insulated outer surface 11. Mounted
on the electrically insulated surface 11 is a first annular
electrically conductive contact 12 and a second annular
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electrically conductive contact 13. It -can be seen that
the contacts 12 and 13 are spaced from each other and
electrically insulated from each other.

Disposed within the hollow portions of the tubular
elongated member 10 is an electri¢c resistance element 28
which is connected to the contact 12 by a conducter 21
and to the contact 33 by a conductor 22. Shown making
electrical contact with the contacts 42 and 13 is a portion
of the keyhole of the lock 38. It can be scen that the
keyhole 38 is made of electrically insulating material 31
in which is mounted a first electrically conductive con-
tact 32 and a second electrically conductive contact 33.
Electrical contact between the contacts 12 and 13 of the
keying device 10 and the contacts 32 and 33 of the elec-
tric lock keyhole 38 may be made for example by de-
tents 34. It can be seen that when the keying device 19
is inserted within the kevhole- 38, in the proper manner,
the resistor 20 will be connected between. the contacts 32
and 33 of the electric lock. Connected to the contacts
32 and 33 respectively are electric tonductors 36 and 37.
As will be seén hereinbelow, these conductors 36 and 37
are connected to the electric circuit of the electric lock-
ing arrangement.

Referring now to Figure 2, it can be seen that the con-
ductors 36 and 37 are connected to the electric' locking
arrangement shown therein. The conductor 37 is con-
nected to one terminal of a direct-current source of po-
tential. 40, the other terminal of which is connected by a
conductor 41 to the energizing coil winding 42 of a relay
50.. The relay 59 has a fixed contact 51 which is normal-
1y connected to its movable armature 52 and held in-that
position by a spring 53.

The movable armature 52 is connected by a conductor
54 to one side of the electric lock actuating mechanism
60. 1In this embodiment the lock actuating mechanism
69 is a solenoid having a movable core 61 axially dis-
posed therein and movable in the direction of the arrows
62 in a conventional manner. That is, when the solenoid
69 is energized, the core may either be attracted into the
solenoid core or ejected therefrom depending on the ma-
terial in the solenoid core and the desired spring ar-
rangement. The cother terminal of the solenoid 60 is
connected by means of a conductor 63 to one terminal
of a second direct-current source of petential 70, the
other terminal. of which is connected to a contact 81 of
a second relay 80 having an energizing coil wmdmg &2.
1t can be seen that the contact 81 of the relay 86 is nor-
mally not connected to the movable armature 83 thereof
and the armature 83 is held in this open position by a
spring 84. The armature 83 is connected by means of a
conductor 86 to the normally closed contact 51 of the
relay 50.

One side of the coil winding 82 is directly connected by
a conductor 87 to one side of the coil winding 42. The
othe;ﬁmde of the coil winding 82 is connected to conduc-
tor

In operation, it can be seen that the solenoid coil 6€ is
not normally energized because the circuit is kept in open
position by the open contacts of the relay 80. However,
if the relay coil winding 82 were energized this winding
would attract its movable armature 83 to make contact
with the normally open contact 81. This wounld complete
the circuit from the source of potential 76 to the solenoid
60, causing the core 61 of the solenoid to be moved and
thereby open the electric lock. It can be seen that the
coil winding 82 of the relay 80 will be energlzed by the
source of potential 4§ if electrical contact is made be-
tween the conductors 36 and 37. If the conductors 36
and 37 were directly connected together the current in
the circuit of the potential source 49 would depend upon
the resistance of the coil windings 42 and 82 which would
be connected in series across the terminals of the poten-
tial source 40,

However, if an electrical resistance is connected be-
tween these conductors 36 and 37, it can be seen that the
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current flowing through the. coil windings 42 and 82
will be further limited by the resistance of this electric
resistance. If this resistance connected between conduc-
tors 36 and 37 is very small, the current drawn from the
potential source 40 will be relatively large and will ener-
gize both the coil windings 42 and 82. If this happsrns,
the armatures 83 and 52 will be respectively attracted by
their energized coil windings. This would prevent the
dxrect-current potentlal source 7€ from energizing the
solenoid 60 since the movement of the armature 52
against the action of the retaining spring 53 would open
the circuit from the potential source 78 to the solenoid
69.

Conversely, if a very large. electrical resistance is con-
nected between the conductors 36 and 37, a compara-
tively low current will flow in the circuit of the source 4%
and the armature 83 will not be atiracted by its coil wind-
ing 82, That is; the ceil winding 82 will nct be ener-
gizéd because the current. flowing through. its: winding
would be too small to energize it. Accordingly, if too
large a resistance is- placed. between the conductors 36
and 37, the circuit from the source 7@ to the solenoid 69
will be kept in open condition by the unenergized relay
80.

On the other hand, if the electric keying device con-
taining the resistance 28 of Figure 1 is inserted in the
electric keyhole 30, and this resistance 28 has a predeter-
mined resistance, the current in the circuit.of the poten-
tial source 40 will be established at-a predetermined
level which will be sufficient to energize the coil winding
82 of the relay 8¢ but not sufficient to eanergize the coil
winding 42 of the relay 50.

Therefore, under the last-mentioned condition, the
armature §3 will be attracted against the action of its
retaining spring 84 into electrical contact with the con-
tact 81 of the relay §6. Meanwhile the armature 52.of
the relay 59 will remain in its normal positicn, namely,
making contact with its fixed contact 51. It can be seen
that the circuit from. the direct-current potential source
70 will now be completed. This circuit is completed
from one side of the source 7@ to the contact 81, the
armature 83, the conductor 86, the fixed contact 51, the
armature 52, the conductor 54, the coil of the solenoid
69, and the conductor 63 to the other terminal of the
source 78. Therefore, the solenoid 65 will be energized
to either attract its core 61 or eject the core 61 depend-
ing on how the spring of the conventional solenoid 66
and the materials of the core 61 are arranged. Thus it
can be scen that the windings 42 and 82 of the relays 56
and 80 respectively may be chosen initiailly to have the
desired resistance so that the chosen resistancs of the
lmpedance keying device will establish a total resistance
in the circuit of the potential source 40 which will pro-
vide a current of the desired magnitude,

It is apparent that only a single direct-current potential
source could beé used instecad of two separate direct-cur-
rent potential sources 48 and 70. Also, the relay 80 may
be of the conventional time-delay type. That is, a slight
time delay can be introduced after the coil 82 is energized
and. before the armatufe 83 makes contact with the fixed
contact 81. This may be desirable since it can be seen
that if too lafge a current is established in the circuit of
the source 40, it is possible for the coil winding 32 to be
energized before the energization of the coil 42. Accord-
ingly, the solenoid might be operated by a resistor which
is too low in value. However, it can be seen that if the
relay 80 has a slight time delay in its operation, it will
not be possible for the relay 80 to open before the relay
50 is operated, in the event of too large a current in the
circuit of the potential source 40.

Referring now to Figure 3 a second embodiment of the
present invention is shown. This embodiment includes
the relays 80 and 80 and the solenoid 6% of the circuit
of Figure 2. In addition those elements having the same
function and location for Figure. 3 as for Figure 2 are
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numbered with the same numerals. In this embodiment
the keying device 10, which is shown only schematically,
includes the resistor 20, connected between the conductors
36 and 37, and a second resistor 25 which is connected
between the conductor 37 and the conductor 38. It is
clear that the conductor 38 may make contact with a
third electrical contact in the electric keyhole device 30
arranged in the same manner as shown in Figure 1.

The conductor 38 is connected to one side of an ener-
gizing coil winding 91 of a third relay 9§. The relay 99
has a fixed contact 92 connected by conductor 54 to one
side of the solenoid 60. The relay 9§ also has a mov-
able armature 93 connected on conductor 54 to the mov-
able armature 52 of the relay 50. The other terminal
of the energizing coil winding 91 is directly connected by
a conductor 94 to the conductor 36.

It can be seen that the primary difference between the
circuit of Figure 2 and the circuit of Figure 3 is that the
conductor 54 of Figure 2 has been opened and the con-
tacts 92 and 93 of the relay 99 inserted therein.

Accordingly, it can be seen that a second circuit has
been added to the circuit of the potential source 49.
From Figure 3 it is apparent that the current flowing
through the energizing coil winding 91 of the relay 90
is the result of two currents. The first current is estab-
lished by the current flowing from one terminal of the
potential source 40 through the conductor 37, the re-
sistor 25, the conductor 38 and the resistance of the coil
winding 91. The remaining current is established by the
currents flowing through the coil windings 82 and 42 of
the relays 80 and 50 respectively.

In operation, the impedance keying device 1%’ con-
taining the resistors 20 and 25 is inserted in the electric
keyhole. The current established in the coil windings
82 and 42 of the relays 80 and 50 is determined as before
by the size of the resistor 20. However, even if both
relay windings have the proper amount of current esiab-
lished therein the circuit may still not operate. That is
even if the relay 80 is energized and the armature 83 is
attracted to the fixed contact 81 thereof and the relay 30
remains in its unenergized position, the circuit between
the potential source 70 and the solenoid 60 will still not
be completed.

1t can be seen that this circuit will remain open as long
as the relay 90 remains in its normal unenergized condi-
tion. Therefore, if the proper resistor 25 is in the im-
pedance keying device and the proper current has been
set up through the coil windings 50 and 8¢ by the re-
sistor 28, a second current will be established in the ener-
gizing coil winding 91 of the relay 90. This second cur-
rent will energize the relay 90 and cause its armature 93
to be attracted to the fixed contact 92.

Accordingly, if the proper resistors 28 and 25 are in-
cinded in the proper relationship in the impedance keying
device, two currents will be set up, the first current will
energize the relay 80 and will be insufficient to energize
the relay 5¢. The second current will be sufficient to
energize the relay 99. Accordingly, the relays 86 and 50
will be energized and the relay 5§ will remain in un-
energized condition. Since the relay 50 is normally
closed and the relays 80 and 96 are normally open, the
energization of relays 80 and 99 will complete the circnit
from the potential source 70 to the solenoid &8 thereby
operating the lock actuating mechanism.

It is of course apparent that the various retaining
springs used with the armatures of the relays are properly
tensioned so that the exact amount of current will attract
the armature against the retaining pressure of the respec-
tive spring. Accordingly, it can be seen that the circuit
of Figure 3 provides additional protection which is 1ot
available in the circuit of Figure 2. It will be impossible
to duplicate the keying mechanism of circuit of Figure 3
since the number of combinations of different resistances
20 and 25 is very large.

Referring now to Figure 4, still another form of ap-
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paratus incorporating the principles of the present inven-
tion is shown. In this embodiment, alternating current-
sources of potential are used rather than the previous
direct-current sources of potential. The various elements
in Figure 4 having the same function as in Figure 3 are
labeled with corresponding numerals. However these
numerals contain a prime to indicate that they are A.C.-
operated rather than D.C.-operated. That is, the relays
50’, 80’, 90’ and the solenoid 60’ are all A.C.-operated
relays and the solenoid 60’ is also A.C.-operated. The
potential sources 40’ and 70’ are conventional sources
of alternating-current potential. It is apparent that these
sources 40’ and 70’ may be conventional oscillators which
emit an alternating-current potential at a particular
frequency.

In the keyhole portion of the present apparatus three
coils are provided. These three coils 161, 102 and 103
are each wound about the tubular opening of the keyhole
30’. It is apparent that this is the tubular opening which
is adapted to receive the cylindrical keying device. At
the right end portion of the keyhole device 30’ is mounted _
a microswitch 104. Tt is well known in the art that a
microswitch is a switch which is operated by a very slight
pressure on its movable contact,

In Figure 4, disposed beneath the keyhole 3¢’ is shown
the impedance keying device 100 to be used therewith.
As before, the keying device 100 is in the form of an
elongated member. However, in this case the body of
the elongated member 100 is nonmagnetic and contains
three cores 106, 107 and 108 made of ferromagnetic ma-
terial. It can be seen that the three cores are mounted
on the keying device 100 and are spaced from each other
by the nonmagnetic portion of the device 199,

When the keying device is inserted in the keyhole 3¢,
the right end portion thereof closes the microswitch 194,
This is shown by the dotted lines in the figure. The
three cores 106, 107 and 108 are then respectively dis-
posed and aligned within the three coils 101, 102 and
103. All is well known in the art, the insertion of a
ferromagnetic core within a coil winding substantially
increases the inductance of the coil winding. The amount
that the inductance of the coil winding is increased de-
pends upon the saturation of the ferromagnetic core and
the type of material used for the core.

The coils 101 and 102 are connected in series between,
the conductors 36’ and 109’ respectively, the free end of
the coil 101 being connected by conductor 36’ to one
terminal of the source 40’ of the alternating-current po-
tential. The conductor 109’ is connected to the con-
ductor 111 which in turn is comnected to one side of
each of the relay windings 82’ and 91’. The other end
of the coil 103 is connected by conductor 112 through
the microswitch 104 and conductor 113 to the other end
of the emergizing coil winding 91 of the relay 99°.

As before, it can be seen that the current established
by the source 40’ of alternating-current potential in the
windings of the relays 50’ and §0’ respectively, is de-
pendent upon the inductance or impedance of the coils
101 and 102.

The current flowing through the winding 91’ of the re-
lay 90’ is dependent upon two currents, the current pre-
viously mentioned and the current flowing through the
coil 103. This latter current is of course dependent upon
the impedance of the coil 103.

Therefore, in operation, the impedance keying device
100 is inserted in the keyhole 30’ and closes the micro-
switch 104 as illustrated. If the cores 106 and 107 are
the proper ones, they will establish the impedance of the
coils 101 and 102 to properly establish the current flow-
ing from the source 40’ through the relays 3¢ and 8¢,
Therefore, the relay 50’ will remain unenergized and
the relay 80’ will be energized. However, this will not
complete the circuit from the second source of alternat-
ing potential 70’ to the solenoid 60’ unless the relay 90"
is also energized,
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The relay 99’ will be energized if the core-10§ inserted
within the coil 183 establishes the impedance of the coil
103 at the desired proper level.. This will establish the
current flowing through the coil 90 at its proper level.
Accordingly, the relay 90’ will be energized and the
circuit from the source of alternating current potential
78 to the solenoid 60’ will be completed.

It is apparent that if too large an impedance or tco-

small an impedance. is established in. any of the. three
coils, 181, 102 and 193 by any of the cores. 166, 167
and 168, respectively, the relays will not operate to close
the circuit between the source of potential 70’ and.the
solenoid 60’. Therefore, it can.be seen that this arrange-

ment is absolutely fool proof since the saturation of. the:

cores 166, 1067 and 168 can be set up.omne, time: only
when the apparatus is. initially assembled:
practically impossible to duplicate.such. a keying device.
Therefore, the embodiment shown.in Figure. 4. is. par-
ticularly advantageous for use.in banks and other loca-
tions where it is particularly. desirable to have. one key
and one key only, available.

It is. of course apparent also that different combinations

of resistances and inductances may be used in the same.

impedance keying device. 1t is also clear that capacitors
can be used instead of resistors or inductors. It is not
absolutely essential to use relays but other types of switch-
ing mechanisms which can be operated. by. currents. or
voltages may also be used.

It will be understood that each of the:elements de--

scribed above, or two or more. together, may. also find
a useful application. in other types of electric locking ar-
rangement differing from the. types described above.

While the invention has been illustrated and. described
as embodied in electric locking arrangements: using elec-
tric impedance devices, it is not intended. to be limited. to
the details shown, since. various modifications and struc-
tural changes may be made without departing in any way
from the spirit of the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can by
applying current knowledge readily adapt it. for various
applications. without comitting- features that, from the
standpoint of prior art, fairly constitute essential charac-
teristics of the generic or specific aspects. of this invention
and, therefore, such adaptations should and are intended
to be comprehended within. the meaning. and range. of
equivalence of the following claims.

What_is claimed as. new: and. desired to be.secured by.

Letters, Patent is:

1. An electric locking arrangement, comprising in com--

bination, lock actuating means movable between lock

open, position- when: energized and- lock: closed position:

when deenergized; a source of .potential for energizing
said lock. actuating means; at least a first relay having a

first .coil winding and a pair of normally closed. contacts ¥

in circuit between said source of potential: and said: lock
actuating . means, said. normally. closed . contacts being
opened when said first coil winding is energized; at least
a second relay having a second- coil winding and a pair
of normaliy open contacts in circuit between said source

It will be.
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of ‘potential and said lock actuating means, said normally:
open contacts being closed when said second coil wind-
ing is energized; actuating means. for energizing said first
and second coil windings; a plurality of coils connected
in circuit between said actuating means and said first and
second .coil windings each of said plurality of coils hav-
ing a preselected inductance which is different respectively
from any of said other coils; and impedance keying means
including a plurality of ferromagnetic cores, each of said
ferromagnetic cores being adapted to be simultaneously
connected in operable relationship, respectively, with one
of said plurality of coils for controlling the energization
of said first and second coil windings, the permeability
of each of said ferromagnetic cores. being respectively
different from the permeability of any of said other ferro-
magnetic cores and co-operating solely with said prese-
lected inductance of its respective.coil in a predetermined
manner.

2. An electric locking arrangement, comprising in com-
bination, lock actuating means movable between lock
open position when energized and lock closed position
when deenergized; a first source of optential for energiz-
ing said lock actuating means; at least a first relay having
a first coil winding and a pair of normally closed contacts

“in circuit between said source of potential and said lock

actuating means, said normally closed contacts being.
opened when said first coil winding is energized; at least
a second relay having a second coil winding and a pair
of normally open contacts in circuit between said source
of potential and said lock actuating means, said. normally
open contacts being closed when said second coil winding
is energized; a second source of potential, at least said
second source of potential being an alternating-current
source of potential for energizing said first and second coil
windings; a plurality of coils connected in circuit. between
said actuating means and said first and second coil wind-
ings each of said plurality of coils having a preselected
inductance which is different respectively from any of said
other coils; and impedance keying means including a plu-
rality of ferromagnetic cores, each of said ferromagnetic
cores being: adapted to be simultaneously connected in-
operable relaticnship, respectively, with one of said first
and second coil windings, the permeability of each of said
ferromagnetic cores being respectively different from the
permeability of any of said other ferromagnetic cores
and co-operating solely with said preselected inductance
of its respective coil in a predetermined manner.
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