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ABSTRACT 0F THE DISCLOSURE 

A relay interlock circuit is ydescribed in which the ex 
clusive selection of one relay of any number of relays is 
accomplished with only one set of hold contacts per relay 
together with a common transistor relay drive circuit. 
The relay drive transistor is turned ON only when a single 
relay is selected for energization. When more than one 
relay is selected at any one particular time, the relay 
drive transistor is biased OFF thus de-energizing all 
relays. 

This invention relates to relay interlock circuits and, 
more specilically, to relay interlock circuits which selec 
tively energize from a group of relays any one relay at 
a time. 
A relay interlock circuit is an arrangement of relays 

together with a power source, associated electronic com 
ponents, and relay drive circuitry which provides for the 
speciñc selection of particular relays until a new relay 
selection is made or a de-energized command is issued. 
In certain relay interlock circuit applications it may, for 
instance, be required to energize but one relay at a time 
and to maintain such selected relay energized until either 
the previously selected relay is turned off directly or until 
another one of a group of relays is selected to be en 
ergized. 

Although such relay interlock circuits have been devised 
before, they generally require a large number of relay 
contacts .for relatively complex interlock arrangements, 
thereby limiting the useful extension `of such interlock 
circuit-s to a limited number of relays, Further limi-tations 
are excessive power consumption for the relay drive cir 
cuitry, relatively high voltage requirements of the supply 
source and, in addition, the possibility of oper-ation of 
more than one relay at a time during relay transfer 
periods. 
The primary object of the invention is to provide for 

a relay interlock circuit that may be extended to include 
any number of relays. 
Another object of the invention is to increase the oper 

ating eñiciency of relay interlock circuits. 
A further object of the invention is to assure in a 

relay interlock circuit the energization of not more than 
one relay at a time. 
To -fullñll these objects, the invention provides for a 

relay interlock circuit having the coils of its relays con 
nected in parallel in the emitter-collector path of a relay 
drive transistor. Each relay has -associated with it a relay 
selector switch to complete its power path and to control 
the -bias on the emitter-base junction of the drive transistor, 
The activation of a Ásingle relay selecter switch energizes 
the selected relay, if no other relay is as yet energized. If, 
on the other hand, another relay is already energized, 
the subsequent activation of a relay selector switch for 
another relay reduces the bias on the relay drive transistor 
to such an extent that it is turned olf, thereby de-energiz 
ing the previously energized relay. At that ins-tant the re 
l-ay drive transistor becomes again forward biased, thereby 
allowing the selected relay to energize. Similarly, if two 
`relay selector switches are activated ‘at the same time, the 
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relay drive transistor bias is reduced -to such an extent 
as to turn the transistor otr, there-by preventing the ener 
giz-ation of either of the two relays. 
More specifically, in one embodiment of the invention 

the individual coils of a group of relays are connected in 
parallel in the emitter-collector path of a relay drive tran 
sistor. The power path for each relay is completed eit-her 
through the contacts of a respective relay selector switch 
or through its own holding contacts which are connected 
in parallel with the selector switch. Although the emitter 
base junction of the drive »transistor is normally forward 
biased, the closing of respective relay selector switches or 
the closing of lrespective parallel holding contacts reduces 
this forward bias on the drive transistor in predetermined 
steps by connecting resistors in parallel with the emitter 
base junction. With lall the relay selector switches open, 
the emitter-base junction of the relay drive transistor is 
fully forward biased. However, none of the relays can 
energize since the emitter-collector path of the transistor 
remains open. When one of the rel-ay selector switches 
becomes energized, however, the emitter-collector path of 
the transistor becomes completed, thereby completing the 
power path for the selected relay, enabling it Ito energize. 
The closing of each relay selector switch reduces, in ad 
dition, the forward bias on the emitter-base junction of 
the relay drive transistor. With only a single relay 
selector switch activated, however, the relay drive tran 
sistor remains sufficiently forward biased so that the select 
ed relay may energize. Upon the energization of a relay, 
its holding contacts close, thereby bypassing the respec 
tive selector switch to maintain the selected relay ener 
-gized even after the opening of the selector switch. 
When the selector switches for more than one relay are 

activated 'simultaneously several respective shunt resis 
tors are connected in parallel across the emitter-base junc 
tion of the relay drive transistor. This changes the bias 
condition of the transistor to such an extent Ias to turn it 
off, thereby preventing the energization of ̀ any one of the 
relays. Similarly, when one or more additional relays are 
selected while one relay is already energized, the addi 
tional shunt resistors thereby Íswitched into the bias circuit 
also turn off the relay drive transistor to cle-energize the 
relay previously energized »and to prevent the energization 
of any relay until such time that only a single relay 
selector switch is activated. A previously selected relay 
-may also be ̀ de-energized by the momentary interruption 
of the -relay power path by means of a switch at some con 
venient point in the power circuit. 
The present invention provides therefore for a simple 

and eñicient interlock circuit in which only one relay can 
be energized yat any one time, and which circuit can be 
extended to include any desired practical number of relays. 
The above and other features of the invention will be 

more fully understood from the following ̀ detailed descrip 
tion. In the drawing: 

FIG. 1 is a schematic diagram of one specific embodi 
ment of the invention requiring two holding contacts per 
relay; and 

FIG. 2 is a schematic diagram of another embodiment 
of the invention requiring only one holding contact per 
relay. 

In FIG. 1 a relay interlock circuit is shown comprising 
a power source 10 supplying power to relays 11, 12, and 
13 through switch 14, Zener diode 15, and relay drive 
transistor 16. The power path for respective relays may be 
completed either through holding contacts 11-1, 12-1, 
and 13-1 of relays 11, 12, and 13, respectively, or through 
relay selector switch contacts 17-1, 18-1, and 19-1 which 
are connected in parallel with respective relay holding 
contacts. Power source 10 also supplies bias power for 
the emitter-base junction of relay drive transistor 16 
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through resistor 20. Resistors 21, 22, and 23, on the other 
hand, function together either with relay holding con 
tacts 11-2, 12-2, 13-2, or with relay selector switch 
contacts 172, 18-2, and 19-2, respectively, to reduce 
the bias on the emitter-base junction of relay drive tran 
sistor 16 Whenever either one of the switch contacts or 
one of the holding contacts is closed. 

Before any one of relays 11, 12, or 13 has been selected 
to be energized, all of the relay selector switches are 
open and all of the relays are de-energized, so that all of 
the relay holding contacts are necessarily open. Relay 
drive transistor 16 is therefore not conducting in its emit 
ter-collector path, even though its emitter-base junction 
is forward biased by power source 10 through resistor 
20. As a result the power drain on source 10` is reduced 
to a minimum during the standby condition of the inter 
lock circuit. 

In the interlock circuit of FIG. 1, any one particular 
relay may be selected to be energized by closing its cor 
responding relay selector switch. For instance, when it is 
desired to energize relay 11, relay selector switch 17 4h-aving 
switch contacts 17~1 and 17-2 is closed momentarily. The 
closing of switch contact 17-1 completes the power path 
for relay 11, vthereby allowing collector current of relay 
drive transistor 16 to ñow to energize relap 11. Switch con~ 
tact 17-2, on the other hand, completes the connection for 
resistor 21 in the relay transistor biasing circuit. As soon 
as relay 11 energizes, its holding contacts 11-1 and 11-2 
close and are connected in parallel with switch contacts 
17-1 and 17-2, respectively. As la result, holding contact 
11~1 keeps relay 11 energized and holding contact 11~2 
keeps resistor 21 connected in the biasing circuit even 
after the release of the momentary-type relay selector 
switch 17. Whereas before the closing of switch contact 
-17-2, the entire voltage of source 10 was applied through 
resistor 20 across the series combination of the emitter` 
base junction of transistor 16 and Zener diode 15, after 
the closing of switch contact 17~2 this bias voltage is 
limited to the voltage appearing across resistor 21. That 
is, resistors 20 and 21 now act as voltage divider network 
to lower the forward bias applied to the emitter-base junc 
tion of relay drive transistor 16. After relay 11 has been 
energized, relay contact 11-2 performs the identical func 
tion as switch contact 17-2, i.e., it completes the circuit 
for resistor 21 to maintain the lowered emitter-base yfor 
ward bias on transistor 16. As long as only one of the 
three bias resistors 21, 22, or 23 is connected in the cir 
cuit, the voltage applied to the emitter-base junction of 
relay drive transistor 16 is sufficient to forward bias tran 
sistor 16, i.e., the voltage across resistor 21, VR21, is greater 
than the sum of the voltage drops across the emitter-base 
junction of transistor 1‘6, VEEN, and Zener diode 15, VZ15, 
S0 that VR21>VBE16+VZ15 
Any one of the other two relays of the circuit of FIG. 

1 may be selected in a similar manner by momentarily 
closing its corresponding relay selector switch. If, for in 
stance, relay 12 were to be energized, relay selector switch 
18 would be closed, whereas relay selector switch 19 would 
be closed in order to energize relay 13. On the other hand, 
'any one of relays 11, 12, or 13 that is already energized 
may be de-energized by interrupting its power path by a 
momentary opening of normally closed switch 14. 

In the case where the relay that has been selected for 
energization is the first relay to be energized, that is, all 
of the relays are de-energized prior to the selection of this 
particular relay, the sequence and operation is identical 
to the sequence and operation described in connection 
with relay 11, except that contacts 12-1 and 18-1, and 
13-1 and 19-1, function together with resistors 22 and 
23, to energize relays 12 and 13, respectively. On the 
other hand, when relay 13, for instance, is selected to be 
energized while relay 11 is already energized, the follow 
ing operating sequence takes place. Because relay 11 is 
already energized, holding contacts 11h1 and 11-2 are 
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closed. Relay drive transistor 16 is forward biased by the 
voltage across resistor 21, and transistor 16 is conducting 
through closed holding contact 11-1 to maintain relay 
11 energized. Since it is now desired to energize relay 13 
instead of relay 11, two functions are performed in se 
quence; namely, relay 11 is iirst de-energized and then 
relay 13 is energized. Both of these operations are ac 
complished in the proper sequence by closing switch con 
tacts 19-1 and 192 of relay selector switch 19. That is, 
as soon as relay selector switch contact 19-2 is closed, 
resistor 23 is connected in parallel with resistor 21, there 
by reducing the bias voltage on the emitter-base junction 
of relay drive transistor 16 to such an extent as to turn 
off transistor 16 instantaneously. The result is fourfold 
and occurs in the following sequence: (l) even though 
relay selector switch contact 19-1 is now closed, thereby 
completing the power path for the coil of relay 13, relay 
13 cannot yet energize because of the off condition of 
transistor 16; (2) since transistor 16 is turned off, relay 11 
becomes de-energized, thereby opening its holding con 
tacts, where the opening of holding contact 11~2 dis 
connects resistor 21 frorn the biasing network so that (3) 
relay drive transistor 16 again becomes forward biased 
and, hence, turned on, which allows (4) the energization 
of relay 13 through relay selector switch contact 19»1. 
Once relay 13 has become energized, holding contacts 
13-1 and 13-2 bypass relay selector switch contacts 19-1 
and 192 to maintain the relay energized even after 
switch 19 has been opened again. Relay 13 remains en 
ergized until either switch 14 becomes momentarily 
opened, or until another relay is selected. 

Resistors 21, 22, and 23 are chosen to have such re 
sistance Values that when source 10 is applied through 
resistor 20 across the parallel combination of any two 
or more of these resistors a voltage is developed across 
the parallel resistor combination which is smaller than 
the sum of the voltages across Zener diode 15 and the 
emitter-base junction of relay drive transistor 16. That is, 
when at any one time more than two of the bias re 
sistors 21, 22, and 23, are connected in parallel inthe 
biasing circuit, relay drive transistor 16 is immediately 
turned off to positively prevent the energìzation of more 
than one relay at any one time. This feature of the inven 
tion is particularly valuable in circuit applications in 
which it is required that never more than one relay be 
energized at any one time in order to prevent undesired 
circuit operation or damage to the equipment. The pres 
ent invention further prevents the inadvertent selection 
of more than one relay at a time. This result is a necessary 
consequence of the bias network operation, since the 
simultaneous selection of two relays at any one time 
causes two bias resistors to be connected in parallel 
through their respective relay selector switch contacts 
which, in turn, reduces the bias on relay drive transistor 
16 below the required forward bias level. As a result, no 
relay can energize as long as more than one relay selector 
switch is being activated at any one time. As soon, how 
ever, as only one relay selector switch remains activated, 
the relay corresponding to that one relay selector switch 
energizes. 
Another specific embodiment of the invention which 

requires but one holding contact per relay is illustrated in 
FIG. 2. The interlock circuit of FIG. 2 comprises a power 
source 30 supplying power to relays 31, 32, and 33 
through switch 34 and relay drive transistor 35. Transis 
tor 35 is of the n-p-n type and is so poled as to allow 
source 30 to energize respective relays either through 
holding contacts 31-1, 32,-1, and 33-1 of relays 31, 3-2, 
and 33, respectively, or through relay selector switches 
36, 37, and 38 which are individually connected in par 
allel with respective relay holding contacts. Power source 
30 also supplies power to control transistor 39‘, which in 
turn controls the conduction of relay drive transistor 35. 
Control transistor 39 is of the p-n-p type and is so poled 
as to supply drive current for relay drive transistor 35. 
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This drive current is applied through resistor 41 to the 
emitter-base junction of relay drive transistor 35 to con 
trol the conduction of transistor 35 and thereby control 
the energization of a respective relay. The conduction of 
control transistor 39 is in turn controlled by a bias con 
trol network including resistors 42, 43, 44, and 45 and 
Zener diode 46 as activated by relayl selector switches 
36, 37, 38, and relay contacts 31-1, 32-1, and 33-1. 
Diodes 47 through 52 serve as current blocking devices 
to prevent the energization of relays other than the re 
lays selected for energization. 

Before any one of relays 31, 32, or 33 has been se 
lected to be energized, all of the relay selector~ switches 
36, 37, and 38 are open, all of the relays are de-energized, 
and relay contacts 31-1, 32-1, and 33-1 are therefore 
also open. As a result bias resistors 43, 44, and 45 are not 
yet connected in a bias circuit of transistor 39. Transistor 
39 is therefore in current saturation due to the large 
base current supplied from power source 30 through 
resistor 42. Part of the collector current of transistor 39 
allows through resistor 41 and the base-emitter junction 
of transistor 35, thereby forward biasing transistor 35. 
Relay drive transistor 35 cannot yet conduct, however, 
because of its still open emitter-collector path. 

In the interlock circuit of FIG. 2. any one particular 
relay may be selected to be energized by closing its 
corresponding relay selector switch. For instance, when 
it is desired to energize relay 31, relay selector switch 
36 must be closed momentarily. The closing of relay se 
lector switch 36 completes the power path for relay 31 
which allows collector current of relay drive transistor 35 
to ñow, thereby energizing the relay. As soon as relay 31 
energizes, its holding contact 31~1 closes, thereby by 
passing relay selector switch 36 to keep relay 31 ener 
gized even after the release of momentary type selector 
switch 36. 

Holding contact 31-1 and relay selector switch 36 
perform, however, a dual function in this embodiment 
of the invention, in that they also control the bias of 
control transistor 39. That is, when relay selector switch 
36 and later holding contact 31-1 are closed, they also 
complete the connection for resistor 43 through diode 50 
into the bias circuit of transistor 39. Whereas before the 
closing of relay selector switch 36 the entire voltage of 
source 30 was applied through resistor 42 across the com 
bination of the emitter-base junction of transistor 39 and 
Zener diode 46, after the closing of switch 36 this bias 
voltage is limited to substantially the voltage appearing 
across resistor 43. That is, resistors 42 and 43 now act as 
a voltage divider network to lower the forward bias ap 
plied to control transistor 39. As long as only one of the 
three bias resistors 43, 44, or 45 is connected in the bias 
circuit, however, the bias voltage applied to the base of 
transistor 39 is suiiicient to forward bias transistor 39; 
that is, the voltage across resistor 43, VMS, is greater than 
the sum of the voltage drops across the emitter-base 
junction of transistor 39, VBE39, and Zener diode 46, 
Vzßis, 'S0 that VR43>VBE39+VZ46 
Any one of the other two relays of the circuit of FIG. 

2 may be selected in a similar marmer by momentarily 
closing the corresponding relay selector switch. If, for 
instance, relay 32 were to be energized, relay selector 
switch 37 would be closed, whereas relay selector switch 
38 would be closed in order to energize relay 33. A par 
ticular relay that has previously been energized may be 
de-energized by interrupting its power path by a momen 
tary opening of normally closed switch 34; either one of 
relays 31, 32, or 33 may be de-energized in this manner. 

In the case where a relay that has been selected for 
energization is the first relay to be energized, that is, all 
of the relays are deenergized prior to the selection of 
this particular relay, the sequence and operation for any 
relay is identical to the sequence and operation described 
in connection with relay 31, except that holding contacts 
32-1 and 33-1 function together with switches 37 and 
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6 
38 and resistors 44 and 45 to energize relays 32 and 33, 
respectively. On the other hand, when an additional relay 
is being selected to be energized while one other relay is 
already energized, the following operating sequence takes 
place if it is assumed, for instance, that it is desired to 
energize relay 33 while relay 31 is already in an ener 
gized state. Because relay 31 is already energized, holding 
contact 31-1 is closed; control transistor 39 is still for 
ward biased even though resistor 43 is connected in the 
bias circuit, and transistor 35 is conducting through the 
closed holding contact 31-1 to maintain relay 31 ener 
gized. Since it is now desired to energize relay 33 instead 
of relay 31, two functions are performed in sequence; 
namely, relay 31 is first de-energized, and then relay 33 
is energized. Both of these operations are accomplished 
in the proper sequence -by closing relay selector switch 
38. As soon as relay selector switch 38 is closed, resistor 
45 is connected in parallel with resistor 43, thereby re` 
ducing the bias voltage on control transistor 39 to such 
an extent as to turn off transistor 39 instantaneously 
which, in turn, turns oiï transistor 35. The result is four 
fold and occurs in the following sequence: ( 1) even 
though relay selector switch 38 is closed, completing the 
power path for the coil of relay 33, relay 33 cannot yet 
energize because transistor 35 is turned olf; (2) since 
transistor 35 is turned off, relay 31 becomes de~energized, 
thereby opening its holding contact, where the opening of 
holding contact 31-1 disconnects resistor 43 from the 
bias network so that (3) control transistor 39 becomes 
again forward biased, thereby again turning on relay drive 
transistor 35, which allows (4) the energization of relay 
33 through relay selector switch 38. Once relay 33 has 
become energized, holding contact 33-1 bypasses relay 
selector switch 38 to maintain the relay energized even 
after switch 38 has been opened again. Relay 33 remains 
energized until either switch 34 becomes momentarily 
opened or until another relay is selected. 

Resistors 43, 44, and 45 are chosen to have such re 
sistance values that when source 30 is applied through 
resistor 42 across the parallel combination of two or more 
of these resistors a voltage is developed across the parallel 
resistor combination which is smaller than the sum of the 
voltages across Zener diode 46 and the emitter-base junc 
tion of control transistor 39. That is, when at any one 
time more than two of the bias resistors 43, 44, or 45 
are connected in parallel in the bias circuit, control tran 
sistor 39 is immediately turned off, thereby turning oiî 
relay drive transistor 35 to positively prevent the ener 
gization of more than one relay at any one time. This 
feature of the invention is particularly valuable in circuit 
applications in which it is required that never more than 
one relay be energized at any one time in order to pre 
vent undesired circuit operation or damage to the equip 
ment. 
The present invention further prevents the inadvertent 

selection of more than one relay at a time. This result 
is a necessary consequence of the bias network operation, 
since the simultaneous selection of two relays at any 
one time causes two bias resistors to be connected in par 
allel through their respective relay selector switch con 
tacts which reduces the bias on control transistor 39 be 
low the required forward bias level, thereby turning off 
relay drive transistor 35. As a result, no relay can ener 
gize as long as more than one relay selector lswitch is being 
activated at any one time. As soon, however, as only one 
relay selector switch remains activated, the relay corre 
sponding to that one relay selector switch energizes. 
The most significant feature of the interlock circuit of 

FIG. 2, however, is the requirement of only one holding 
contact per relay, which feature facilitates the extension 
of the interlock circuit of the instant invention to any nurn 
ber of relays. The present invention provides, therefore, 
for a simple and efficient interlock circuit in which only 
one of any number of relays can be energized at any one 
time. 
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It is to be understood that the above-described arrange 

ments are illustrative of the application of the principles 
of the invention. Numerous other arrangements may be 
devised by those skilled in the art without departing from 
the spirit and scope of the invention. 
What is claimed is: 
1. In a relay interlock circuit comprising a plurality 

of relays each having an operating coil connected to at 
least one of its make contacts, a source of driving current 
having a ñrst terminal connected to each of said one make 
contacts and a second terminal, a relay drive transistor 
having a base electrode, an emitter electrode connected to, 
said second terminal, and a collector electrode connected 
to each of said operating coils to form a plurality of series 
paths each including said source of driving current, the 
emitter-collector path of said relay drive transistor, and 
the said operating coil and said one make contact of an 
individual one of said relays, a plurality of switches for 
selecting an individual one of said relays for activation, an 
individual one of said plurality of switches being con 
nected in parallel with each individual one of said make 
contacts, a voltage divider network comprising a first re 
sistor connected to said second terminal and _a plurality 
of second resistors each connected in series with said 
first resistor and an individual one of said make contacts 
across said source of driving current, a device for de 
veloping a reference voltage connected at one end to said 
ñrst terminal of said source of driving current, and con 

3,466,505 
trol means connected to the other end of said reference 
voltage device, to the junction between ̀ said iirst and sec 
ond resistors and to the base electrode of said relay drive 
transistor to cause conduction through said relay drive 
transistor when the circuit through an individual one of 
said plurality of said second resistors is completed and 
to terminate conduction through said relay drive tran 
sistor When the circuit through more than an individual 
one of said plurality of said second resistors is completed, 
a ñrst and a second plurality of diodes for preventing 
current through unselected relays, an individual one of 
said ñrst plurality of diodes being serially connected with 
each of said second resistors between said first resistor 
and an individual one of said make contacts, and an in 
dividual one of Äsaid second plurality of diodes being se 
rially connected with the operating coil of each individ 
ual relay between the relay make contact and the collector 
electrode of said relay drive transistor. 
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