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This invention relates to a new and useful im 
provement in an apparatus or unit for auto 
natically controlling the flow of current through 
electrical circuits for preventing arcing and 
sparking when grounding occurs. 
The principal object of the invention is to pro 

vide a simple and efficient apparatus to allow the 
transmission of electric current therethrough 
from a source of supply to an electrically-driven 
tool or other device or apparatus without diminu 
tion of the current flow but so arranged and con 
structed that in the event of the grounding of 
the tool in the line to which the tool is connected 
there will be no flash or arcing to cause body 
shocks or fires or explosions in adjacent inflam 
mable materials or gases and the circuit to the 
supply will be instantaneously cut of and can 
not again be closed until the defective tool is re 
placed or the grounding found and repaired. 

Briefly and generally considered the appara 
tus includes the use of electrical devices such as 
transformers, circuit breakers, vacuum tubes and 
others which are so arranged, related and con 
nected that the instant the tool or other device 
is grounded the amount of current which can 
flow in the circuit is immediately limited suf 
ficiently to prevent the occurrence of a flash or 
arc which limitation acts instantaneously to actu 
ate the circuit breaker and thereby cut of the 
flow of current from the source of supply. 
The invention, furthermore, includes the pro 

vision of a vacuum-control amplifier tube pro 
vided with a negative bias so that normally there 
is no appreciable current in its plate circuit but 
when a grounding occurs, the connections Or de 
vices employed are such that the grid bias in 
the tube is altered to a positive value which 
causes a greatly amplified current to flow in the 
plate circuit which is connected to a coil in a 
circuit breaker to throw the same open and 
cause an immediate practical cessation of the 
flow of current to the tool or other device. 
In the operation of the invention I preferably 

employ a circuit breaker in association with a 
vacuum tube control device, whether that device 
is connected to an A. C. or D. C. circuit. The 
alterations for D. C. operations will later be men 
tioned but the association of parts illustrated in 
the drawing and to be presently described are for 
A. C. circuits. 

Further and more specific objects, features, 
and advantages will more clearly appear from 
the subjoined specification when taken in con 
nection with the accompanying drawing forming 
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(C. 175-294) 
part thereof and which illustrates a present pre 
ferred form of the invention. 

In the drawing, the single figure is a dagram 
matic representation of the unit when used in 
conjunction with an A. C. source of supply. 
As shown in the said drawing, the source of 

Supply from a cable or conductor f0 is connected 
to a reel or drum and thence to a switch 2. 
This permits the control device to be readily 
moved about at will as a unit in a plant or shop 
and to any desired location. To the other side 
of the switch 2 there is connected a transform 
er A Which functions as ordinarily and which 
has a primary coil 3 and a secondary coil 14 with 
a center tap 5. As will be obvious, there may 
be any number of secondary coils 4 desired, de 
pending on the number of tools which are to be 
connected to the unit. The secondary coil 4 is 
connected to the terminals of a circuit breaker 

the other side of which is connected to an 
outlet socket 7 in which a tool iTA, such as an 
electrically driven drill, is to be plugged. 8 
represents a clip attached to conductor 9 which 
is preferably wound on a reel 20A, said clip being 
attached to the work piece 200 on which the tool 

Said conductor f 9 is grounded by 
conductor 20 to the frame of the safety electrical 
power unit of the claimed invention. 
The center tap 5 is connected to a resistor 2. 

Said resistor 2 is connected to the primary coil 
22 of a transformer B, the other end being 
grounded to the frame of the unit and there 
by connected to the conductor 20B. Obviously 
the conductor 20 may be omitted provided the 
work piece 200 is otherwise grounded to the unit. 
This transformer B is preferably of the iron-core 
type. The secondary 23 of said transformer B 
is connected to the grid 24 of a three-electron 
vacuum tube amplifier. A for the purpose of con 
trolling the negative voltage on said grid. The 
plate 25 of tube C is connected to one end of a 
coil 26 of the circuit breaker 6. The resistor 2 
is provided to limit the amount of current that 
can be fed back to transformer A while at the 
same time allowing a sufficient flow of current to 
energize transformer B. 

Between the switch 2 and the transformer 
primary 3 of transformer A, conductors 2 and 
28 lead to opposite ends of primary coil 29 of 
power pack transformer D. This transformer D 
has three secondary coils 30, 3 and 32. These 
secondary coils may be wound on core of the 
transformer secondary A if desired. The col 
32 is connected to the terminals of flament 33 
of the three-electrode vacuum tube amplifier C. 
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Coil 30 is connected to the terminals of the fla 
ment 34 of a rectifier vacuum tube E while coil 
3 is connected to the other electrodes 35 and 36 

of said rectifier tube. The power pack trans 
former D is provided to step up the voltage ap 
plied to the rectifier tube E and the function of 
said rectifier tube is for the purpose of chang 
ing the alternating current to direct current. 
A center tap from secondary coil 30 of power 

pack transformer D is connected by conductor 
37, first to a filter system 38 and thence to the 
positive side of a voltage divider 40, the filter 
System preferably comprising two condensers and 
a choke coil as indicated. Said filter system acts 
as an auxiliary to the rectifier tube E and its 
function is to remove "ripples' in the line volt 
age. A center tap from coil 3 connects by con 
ductor 39 to and through said filter system 38 
to the negative side of said voltage divider 40, 
and thence to the secondary coll 23 of trans 
former B. A conductor 4 is preferably adjust 
ably connected to said voltage divider 40 and is 
connected to a center tap of the coil 32. A con 
ductor 42 also preferably connects the positive 
side of the voltage divider 40 with the coil 26 of 
the circuit breaker 6. The function of the volt 
age divider is to maintain a continuous and full 
voltage across the terminals of the rectifier vac 
uum tube E. 
In the operation of the apparatus the tool f4A 

is plugged into the outlet 7 and the clip 8 is 
attached to the work piece 200. With the switch 
2 closed, power is Supplied to the tool through 

transformer coils 3 and 4 and through the cir 
cuit breaker 6, the coil 26 of which is in series 
with the plate circuit 25 of the vacuum amplifier . 
tube C. The grid 24 of this amplifier tube has 
a normal negative bias which prevents any ap 
preciable current flowing in the plate circuit 25 of 
said tube C. However, said grid 24 of the tube C 
is connected in series with the Secondary coil 23 
of the transformer B, the primary of which is 
connected in series with the resistor 2 and to 
the center tap 5 of the coil 4 of the transformer 
A. Therefore, whenever any grounding occurs a 
flow of current is set up from the Said ground to 
the control line 9 and thence through the con 
ductor 20B to the frame of the unit, thence pass-, 
ing further to coill 22 through the resistor 2 to 
the center tap 5 of coil 4 on the transformer A. 
The flow of current just described activates the 

secondary coil 23, which sets up sufficient cur 
rent in the grid circuit 24 to overbalance the 
negative bias thereof and make the grid positive 
which causes a greatly amplified current to flow 
in the plate circuit 25 of the amplifier tube. This 
current being in series with the coil 26 in the cir 
cuit, breaker f G permits this coil to be energized 
sufficiently to trip the circuit breaker and open 
the main supply circuit. All this is done so rapidly 
that the circuit is opened before a flash Or arc 
has had time to form at the point of grounding. 
If an attempt is made to close the circuit breaker 
before the grounding is repaired the coil 26 will 
immediately trip again and therefore prevent the 
fioW of current to the tool until and unless the 
leak or defect is found and repaired. 
The filament and grid circuits 33 and 24 re 

spectively of the amplifier tube C are provided 
With direct current by the relative connections 
With the rectifier tube E, the terminals 34, 35 and 
36 of which are connected as above described to 
the several coills of the secondary of the power 
pack transformer D, which is connected through 
its primary 29 to the main line in front of the 
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switch f2. By employing the intervening filter 
System 38, the ripples and slight unevenness in the 
rectified current are smoothed out before they 
reach the amplifier tube as hereinbefore ex 
plained. - 

From the foregoing it will be apparent that the 
circuit breaker 6 between the supply of power 
and the tool circuit is tripped by a coil 2, which 
is in circuit with a vacuum tube amplifier C, the 
grid 24 of which has a normally negative bias 
but which grid circuit is connected to the power 
line in such manner that any flow therein caused 
by a ground will change the grid bias from nega 
tive to positive and cause instantaneously an am 
plified current to flow in the trip coil circuit and 
trip the circuit breaker. The grid of tube C may 
thus be said to act as a valve which automati 
cally turns the current on or off leading to the cir 
cuit breaker when necessity requires. 
The apparatus can be adapted to operate on 

D. C. lines on an isolated system such as a ship 
where local current is generated and not 
grounded. In other cases where ordinary con 
mercial D. C. is supplied, a grounded neutral 
is provided such as in the Edison three-wire sys 
tem and if Such an adaptation is made it could 
be effected if the current is put through a motor 
generator to isolate it from its original source. 
In this case the main line transformer would be 
dispensed with as well as the transformer colls 
22 and 23 for which a relay would be substituted. 
The power pack transformer would also be elimi 
nated and the rectifier tube and the filter sys 
tem and probably the voltage divider 40. In such 
a system the relay mentioned would operate the 
circuit breaker so that in this case the change 
would be effected mechanically instead of elec 
trically as in A. C. operation. 
From the above description it is obvious that 

there has been provided a trip coil in circuit with 
a device which is responsive to abnormal flow of 
current in the tool circuit to energize the trip 
coil and throw the circuit breaker. In the pre 
ferred form the device has an amplifier vacuum 
tube with the aforesaid trip coil in circuit with 
the plate Of Said tube and its grid circuit nor 
mally negatively biased and connected to the 
main Supply line in Such manner that a grounded 
current will change the bias from negative to pos 
itive and thereby cause current from the plate 
circuit to flow through the trip coil and actuate 
the circuit breaker. 
While the invention has been described in de 

tail and with respect to a present preferred form 
thereof it is not to be limited to such details and 
forms since many changes and modifications may 
be made in the invention without departing from 
its. Spirit and scope as is manifest. 
The invention claimed is: 
i. A safety system for an electrically driven 

tool adapted to operate on a Workpiece compris 
ing a self-contained unit carrying an outlet socket 
in which said tool is to be plugged, a power line 
including an electric cable connected to be plugged 
into a source of current supply and to feed cur 
rent therefrom to Said outlet Socket, a circuit 
breaker in said power line to interrupt the cur 
rent Supply to said outlet Socket, means to trip 
the circuit breaker in response to a ground of 
the tool winding on said tool without producing 
a spark at the point of contact between said tool 
and said work piece, comprising a trip line con 
nected to a point of intermediate potential in 
said power line and grounded to said unit and 
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to be connected to said work piece to establish a 
direct metallic connection between said workpiece 
and said point of intermediate potential, said 
trip line having a total impedance adapted to 
limit the current which can flow therethrough in 
response to a ground on said tool to a value such 
that sparking at the point of contact between 
the tool and the work piece is prevented, and 
means responsive to said current flow in the trip 
line to trip said circuit breaker. 

2. A safety system for an electrically driven 
tool adapted to operate on a work piece compris 
ing a self-contained unit carrying an outlet socket 
in which said tool is to be plugged, a power line 

15 including an electric cable connected to be plugged 
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into a source of current supply and to feed cur 
rent therefrom to said outlet socket, a circuit 
breaker in said power line to interrupt the cur 
rent supply to said outlet socket, means to trip 
the circuit breaker in response to a ground of 
the tool winding on said tool without producing 
a Spark at the point of contact between said tool 
and Said work piece, comprising a trip line con 
nected to a point of intermediate potential in 
said power line and grounded to said unit and 

: a second line grounded to said unit and adapted 
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to be connected to said work piece to establish a 
direct metallic connection between said workpiece 
and said point of intermediate potential, said 
trip line having a total impedance adapted to 
limit the current which can flow therethrough 
in response to a ground on said tool to a value 
such that sparking at the point of contact be 
tween the tool and the work piece is prevented, 
a vacuum tube relay connected to trip said cir 
cuit ??? and means responsive to said cur 
rent f0 
tube relay. 

3. A safety system for an electrically driven 
tool to operate on a work piece, comprising a 
unit carrying an outlet socket in which said tool 
is to be plugged, a transformer having a primary 
connected to a source of power and a secondary 

55 

connected to said outlet socket by means of a 
power line, a circuit breaker in said power line, 
a trip line comprising an impedance connected 
by a conductor between an intermediate point 
On Said secondary and said work piece whereby 
an accidental connection from the winding of 
said tool to said work piece causes current to 
flow through said impedance at a voltage less 
than the full line voltage of said power line, and 
means responsive to the flow of current in said 
impedance for tripping said circuit breaker, said 
trip line having a total impedance adapted to re 
duce the current flow therethrough to a value 
such that sparking at the point of contact of the 
tool on said workpiece is prevented. 

4. A safety system for an electrically driven tool 
to operate on a work piece, comprising a unit 
carrying an outlet socket in which said tool is to 
be plugged, a transformer having a primary con 
nected to a source of power and a secondary 
connected to said outlet socket by means of a 
power line, a circuit breaker in said power line, 
a trip line comprising an impedance connected 
by a conductor between the mid-point of said 
secondary and said work piece whereby an acci 

in Said trip line to actuate said vacuum. 

dental connection from the winding of said tool to 
said work piece causes current to flow through 
said impedance at a voltage of approximately 
half of the voltage on said power line, means 
responsive to the flow of current in said in 
pedance for tripping said circuit breaker, said 
trip line having a total impedance adapted to 
reduce the current flow therethrough to a value 
such that sparking at the point of contact of the 
tool on said work piece is prevented. 

5. A safety system for an electrically driven 
tool to Operate on a work piece, comprising a 
unit carrying an outlet socket in which said tool 
is to be plugged, a transformer having a primary 
Connected to a source of power and a secondary 
connected to said outlet socket by means of a 
power line, a circuit breaker in said power line, 
a trip line comprising an impedance grounded to 
said unit and connected to an intermediate point 
On Said secondary whereby less than the full line 
Voltage is applied thereto when a ground occurs 
On either side of said power line, a conductor 
having a clip to be connected to the work piece, 
a reel carrying said conductor and having means 
grounding said Conductor to said unit to estab 
lish a direct metallic connection between said 
Work piece and said intermediate point, whereby 
an accidental connection between the winding 
of Said tool and said work piece causes current 
to flow through said impedance, and means re 
sponsive to the flow of current in said impedance 
for tripping said circuit breaker, said trip line 
having a total impedance adapted to reduce the 
current flow therethrough to a value such that 
Sparking at the point of contact between said tool 
and said work piece is prevented. 

6. A safety system for an electrically driven 
tool to operate on a work piece, comprising a unit 
carrying an outlet socket in which said tool is 
to be plugged, a transformer having a primary 
connected to a source of power and a secondary 
connected to said outlet socket by means of a 
power line, a circuit breaker in said power line, 
a trip line comprising an impedance grounded to 
said unit and connected to an intermediate point 
On Said secondary whereby less than the full line 
voltage is applied thereto when a ground occurs 
on either side of said power line, a conductor 
having a clip to be connected to the work piece, 
a reel carrying said conductor and having means 
grounding said conductor to said unit to estab 
lish a direct metallic connection between, said 
Work piece and said intermediate point, whereby 
an accidental connection between the winding of 
said tool and said work piece causes current to 
flow through said impedance, and means re 
sponsive to the flow of current in said impedance 
for tripping said circuit breaker, said last means 
comprising a space discharge device having its 
plate circuit connected to trip said circuit breaker 
and having said impedance connected to control 
the grid bias thereof, said trip line having a total 
impedance adapted to reduce the current flow 
therethrough to a value such that sparking at the 
point of contact of said tool on said work piece 
is prevented. 
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