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United States Patent Office 

3,260,792 
ELECTRIC HOCK 

Roger C. Brendenieh, Leslie H. Gerhardt, and Joseph 
3. Kripke, Milwaukee, Wis, assigno's to General Mo tors Corporation, Detroit, Mich., a corporation of 
Delaware 

Filed Feb. 24, 1960, Ser. No. 10,721 
10 Claims. (C. 317-134) 

This invention pertains to locking devices, and particul 
larly to an improved electric locking arrangement. 
At the present time the majority of locking devices are 

of the multiple tumbler type requiring a mechanical key 
for opening the same. Inasmuch as locks, of necessity, 
must be of reasonable size, the number of tumblers 
which can be embodied in a lock are limited, and accord 
ingly the number of different combinations are like 
wise limited. The present invention relates to an electric 
lock which, while comparable in size to conventional 
tumbler locks, has a substantially greater number of 
available combinations. Accordingly, among our ob 
jects are the provision of an electric lock of simplified 
design and construction; an electric lock having a large 
number of available combinations utilizing a standard 
circuit board; the further provision of an electric locking 
circuit including a plurality of series switches and a plu 
rality of parallel switches; and the still further provision 
of a key for opening an electric lock of the aforesaid 
type. 
The aforementioned and other objects are accom 

plished in the present invention by constructing the key 
to close the series switches and open the parallel switches 
of the locking circuit. Specifically, the locking circuit 
includes a lock actuating solenoid, which when energized, 
permits the device with which the lock is associated to be 
operated in its intended manner. The locking circuit 
also includes a thwart relay which, when energized, open 
circuits the lock solenoid circuit. Moreover, if desired, 
the locking circuit may include an alarm which will be 
energized if a wrong key is inserted into the lock. The 
lock, per se, comprises a receptacle having a circuit board 
and a keyway with a plurality of leaf spring contacts 
disposed on opposite sides of the keyway. The leaf 
spring contacts are electrically connected to a printed or 
etched circuit on the circuit board. in the instant lock, 
a single circuit board can be used for all of the available 
combinations thereby greatly simplifying the manufac 
turing technique. The individual circuit board combina 
tions are made by disconnecting certain conductors from 
other conductors on each board which can be done by 
drilling through the etched or printed circuits. 
The key may be composed of insulating material, or 

metal, having a plurality of pins projecting from both 
sides thereof. Externally, it cannot be determined 
whether the pins extend through the key or not. The 
keys are coded by extending some of the pins through the 
key body to form connected contact pairs and separat 
ing other of the pins by an insulator in the key body to 
form disconnected contact pairs. The through pins are 
used to close the series switches, and the open pins are 
used to open circuit the parallel switches. 

Since it is desirable to have all of the keys fully in 
serted in the receptacle to energize the circuit, either of 
the two end contact pairs must close a series switch. 
Accordingly, there are three different combinations of 
the first two contact pairs, namely contact pair one 
closed, contact pair two open; contact pair two closed, 
contact pair one open; and contact pairs one and two 
closed. The remaining switches may be either open or 
closed, so that there are two different combinations for 
each Switch. A typical key of standard size can con 
veniently carry sixteen pairs of contacts so that with this 
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type of lock there is a possibility of 49,151 useful com 
binations. 

Further objects and advantages of the present inven 
tion will be apparent from the following description, ref 
erence being had to the accompanying drawings, wherein 
a preferred embodiment is clearly shown, and wherein 
similar numerals depict similar parts throughout the sev 
eral views. 

in the drawings: 
FIGURE 1 is a transverse sectional view of a typical 

key receptacle. 
FIGURE 2 is a plan view of a typical circuit board. 
FiGURE 3 is a fragmentary view in elevation of a 

typical key. 
FIGURE 4 is a perspective view of one of the leaf 

Spring contacts used in the receptacle. 
FEGURE 5 is a diagram of the locking circuit. 
With particular reference to FIGURE 1, the lock in 

cludes a receptacle 8 comprising a housing 12 of insul 
lating material having a keyway 4, and a circuit board 
56 Suitably attached to one side of the housing 2. The 
circuit board includes a base of insulating material, and 
has a circuit 18, either etched or printed on one side. 
The keyway 4 has a longitudinally extending tongue 20 
extending thereinto, the tongue 26 being adapted for re 
ception in a longitudinally extending groove 22 of a key 
24 for guiding and properly aligning the key within the 
key way 4. 
With reference to FIGURE 2, the printed or etched 

circuit 18 on the circuit board 6 comprises one longi 
tlidinally extending conductor 26, four longitudinally ex 
tending buss bar conductors 28, 30, 32 and 34, and 
thirty-five transversely extending conductors 36, 38, etc., 
through 104. Each of the transverse conductors 42 
through 104 has a leaf spring contact electrically con 
nected thereto, 42a, 44a, etc., through 104a. The trans 
Verse conductors are arranged in two rows, as depicted 
in FIGURE 2, The ends of conductors 42 through 72 
are connected in parallel between buss bars 28 and 39, 
with the ends of conductors 74 through 104 connected in 
parallel between buss bars 32 and 34. 
A typical leaf spring contact is shown in FIGURE 4, 

and comprises a terminal portion 105, which is electrically 
connected to its respective conductor in the circuit board 
16, and a contact portion i98. As seen particularly in 
FIGURE 1, the contact portions of the leaf spring con 
tacts are disposed in the keyway 14 in four rows, two 
TOWS on each side of the keyway. Each row includes 
eight contacts so that the receptacle 12 contains thirty 
two leaf spring contacts. The contacts are pre-formed 
as depicted in FiGURE 4 and suitably held in position 
in a mold while the housing 12 is molded therearound 
so that the contacts are integrally supported within the 
housing. 
AS alluded to hereinbefore, the same circuit board can 

be used for all locks. In order to code the locks, indi 
vidual circuit combinations are made by disconnecting 
certain conductors from each other and/or form the buss 
bars and this can be accomplished by drilling through the 
conductor and/or buss bar and board as depicted by the 
holes 110 in FIGURE 3. The conductors 26, 36, 38, 40 
and 42 have terminals 26b, 36b, 38b, 40b and 42b elec 
trically connected theretc. The terminals 38b and 40b 
are connected by Suitable wires to opposite sides of a 
Solenoid operated lock actuating means. In addition, in 
the Specified circuit board depicted in FIGURE 2 the 
conductors 52 and 56 have terminals 52b and 56b elec 
trically connected thereto, which terminals are connected 
by external wires 112 and 14 respectively, to terminals 
38b and 49b, respectively. The terminals 26b and 42b 
are connected to a power source, and the terminal 36b is 
connected to thwart means to be described. 
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tacle carried contact, said key carried contacts being 
coded by selective electrical interconnection of at least 
Some of the key carried contacts on opposite faces of the 
key to form bridging means engageable with the pairs 
of receptacle carried contacts on opposite sides of said 
keyway so that only a properly coded key will complete 
the unlocking circuit when inserted into the keyway of 
said receptacle. 

3. The electric lock set forth in claim 2 wherein said 
receptacle carried switch contacts comprise leaf springs. 

4. The electric lock set forth in claim 2 wherein said 
circuit board is composed of insulating material having 
conductors thereon. 

5. The electric lock set forth in claim 4 wherein at 
least some of the conductors on said board are discon 
nected from other conductors by holes through said board 
and the conductors. 

6. The electric lock set forth in claim 2 wherein said 
key carried contacts comprise pins, at east some of which 
extend through said key to form electrically intercoil 
nected pairs of contacts and others of which insulated 
from each other to form insulated pairs of contacts. 

7. An electric locking arrangement including, actuat 
ing means movable between lock open position when ener 
gized and lock closed position when deemergized, a source 
of power for energizing said lock actuating neans, at 
least one switch connected in series between one side of 
said power source and one side of said lock actuating 
means, at least one switch connected in series between 
the other side of said power source and the other side of 
said lock actuating means, coded switch operating key 
means for closing said series switches to energize said 
lock actuating means, and thwart means connected in 
circuit with said lock actuating means, said thwart means, 
when actuated, precluding energization of said lock ac 
tuating means irrespective of the closure of said series 
Switches. 

8. An electric locking arrangement including, lock ac 
tuating means movable between lock open position when 
energized and lock closed position when deemergized, a 
source of power for energizing said lock actuating means, 
at least one switch connected in series between one side 
of said power source and one side of said lock actuating 
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means, at least one switch connected in series between 
the other side of said power source and the other side of 
Said lock actuating means, coded switch operating key 
means for closing said series switches to energize said lock 
actuating means, thwart means connected in circuit with 
Said lock actuating means, said thwart means, when ac 
tuated, precluding energization of said lock actuating 
means irrespective of the closure of said series switches, 
thwart actuating means, and at least one switch connected 
in parallel with said series switches between said power 
Source and said thwart actuating means and closable by 
an improperly coded switch operating key means for ener 
gizing said thwart actuating means. 

9. An electric locking arrangement including, lock ac 
tuating means movable between lock open position when 
energized and lock closed position when deemergized, a 
source of power for energizing said lock actuating means, 
a plurality of series switches connected between said lock 
actuating means and said power source, thwart means 
connected in circuit with said lock actuating means, thwart 
actuating means, a plurality of parallel switches con 
nected in parallel with said plurality of series switches be 
tween said thwart actuating means and said power source, 
and coded switch operating key inneans for closing said 
series switches and opening said parallel switches to ener 
gize said lock actuating means. 

10. The electric locking arrangement set forth in claim 
9 wherein Said thwart means comprises a switch connected 
in series with said lock actuating eans and wherein said 
thwart actuating means comprises a relay for operating 
said switch, said relay being connected to said power 
source upon closure of any one of said plurality of paral 
lel switches. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

1,393,822 Parker ---------------- Oct. 18, 1921 
1,695,518 Watson --------------- Dec. 18, 1928 
2,436,809 Joel ------------------ Mar. 2, 1948 
2,473,664 Taylor --------------- June 21, 1949 
2,613,252 Heibel ---------------- Oct. 7, 1952 
2,985,709 Mammola ------------ May 23, 1961 


