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(57) Claim

An electrical safety apparatus arranged to be 

connected between an electrical power source and a load, 

comprising:

controllable connection means transferable between a 

first condition, in which the electrical power source is 

connected to the load, and a second condition:

the voltage o£ electrical power source 
said

load

from

said

human being;

means for applying a low voltage, which is less than 

' _ * - ., to the load when

connection means is in the second condition;

monitoring means for monitoring the impedance of the 

and for preventing -t-r a-n-s-fca?—e-f the connection means
ce-voa V-v-cxwG.Fe.rrecA exists <nc\ \γ-\

^cuLd—aeeehd=eenditie«=feo\ said first condition when
A

load impedence is indicative of the presence of a

activation means responsive to the monitoring means, 

for controlling said connection means; characterised in 

that the monitoring mean? includes sensing means for 

directly sensing the current drawn by the load when said 

low voltage is applied thereto, and means for indicating 

the presence of a human being when the current sensed by 

the sensing means lies below a predetermined threshold 

value.
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(54) Title: ELECTRICAL SAFETY APPARATUS

(57) Abstract

2aI .

An electrical safety apparatus arranged to be connected between an electrical power source and a load to provide protec­
tion against electric shock due to, for example, the insertion of probes or needles into a potentially live socket by a child, and 
against shock from exposed conductors (e.g. the severed cable of an electrical appliance) connected to the power source. When 
the apparatus is connected to an electrical power source and then connected to a load, the apparatus first applies a low test vol­
tage or test current to determine that the impedance of the load is within a safe range which excludes that of the human body, be­
fore connecting the load to the normal electrical power supply or mains. After the apparatus has been connected to a load of suit­
able impedance the apparatus monitors the power drawn by the load so that should the impedance of the load change to an 
unsafe value during operation of an electrical appliance (e.g. due to the power lead to the appliance being severed) the apparatus 
operates to disconnect the load from the electrical power source.
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Electrical Safety Apparatus

The present invention relates to an electrical 

safety apparatus, and particularly, but not 

exclusively, to apparatus for protecting against 

electric shock which may occur due to contact with 

electrical conductors connected to a power source.

It is known to provide earth leakage circuit 

breakers (elcb's) arranged to disconnect electrical 

conductors from a power source in response to the 

detection of a leakage current to earth. This prevents 

electrical shock to a user who, for example, accidently 

comes into contact with the live conductor of a cable 

connected to a mains electrical power supply.

However, elcb's do not provide protection in 

the case where there is no current to earth. For 

example, if a user comes into contact with’both the live 

and neutral conductors of a cable connected to a mains 

power supply there may be no current to earth, and the 

elcb will provide no guard against shock to the user.

The electrical characteristics of the human 

body are generally different to the characteristics of 

standard electric appliances, such as for example, lawn 

mowers which need to be driven by a domestic mains power 

supply. For example, the IEC publication 479-1 chapter 

1, states that the impedance of the human body varies 

with touch voltage, and gives a table of body impedance 

for values of touch voltage

SUBSTITUT SHEET
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from which it can be seen that at 25V or below the 

minimum expected impedance for 95% of the population 

would be 1750 ohms and is generally much higher. On the 

other hand, domestic electrical appliances are likely to 

have an impedance at this range of voltage of less than 

600 ohms.

In the case where a circuit breaker employs a 

relay to connect and disconnect an electrical power 

source and a load (appliance), it is necessary for the 

relay to operate each time the appliance in use is 

switched on and consequently must withstand accidental 

short circuit conditions when energised. The relay must 

have minimal contact bounce and must not be subject to 

momentary contact opening and closing due to heavy short 

circuit currents causing the contact blades to move and 

open their contact points, leading to the possibility of 

contact welding. It is therefore important for circuit 

breakers to have adequate short circuit protection.

A power supply system comprising an a.c. 

voltage supply source, a load and a connecting cable 

between the source and the load is disclosed in European 

Patent 096915. One feature of the system is the use of 

a parallel arrangement of at least one capacitator and a 

direct current (d.c.) source placed in a d.c. circuit 

comprising the two cable conductors of the connecting 

cable. When the connecting cable is disconnected from 

the load (open circuit) the voltage across the 

capacitator increases - when a threshold circuit 

determines that a threshold voltage has been reached it 

causes the a.c. voltage supply source to be disconnected 

from the connecting cable. In a second feature if, 

after the connecting cable has been disconnected from 

the load, a load of low impedance (short circuit) is 

connected (accidentally) across the cable conductors, 

there is provided a system for preventing the full a.c.. 

voltage supply (700V) being connected to the connecting
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cable: the power source attempts to power up to a voltage
of 30V a.c. If the impedence of the load is high, the 
voltage across the output exceeds a 20V threshold value 
and as long as the direct current path across the capacitor 
referred to in the description of the first feature is 
closed then the full voltage supply (700) is applied to the 
load. If the 20V threshold voltage is not exceeded due to 
the presence of a short circuit or load of very low 
impedance, then the power source does not supply the full 
(700v) voltage to the output.

The present invention provides an electrical safety 
apparatus arranged to be connected between an electrical 
power source and a load, comprising:

controllable connection means transferable between a
first condition, in which the electrical power source is 
connected to the load, and a second condition:

means for applying a low voltage, which is less than 
the voltage of electrical power source, to the load when 
said connection means is in the second condition;

monitoring means for monitoring the impedance of the
load and for preventing tranofor of the .connection means 

to or. q xn
from saidCTSocond .conditiaa^teo^said firstr condition when
said load impedence is indicative of the presence of a
human being;

activation means responsive to the monitoring means,
for controlling said connection means; characterised in• ·

J that the monitoring means includes sensing means for 
·;···; directly sensing the current drawn by the load when said

low voltage is applied thereto, and means for indicating 
the presence of a human being when the current sensed by 
the sensing means lies below a predetermined threshold
value.

In a preferred embodiment, the apparatus is 
responsive to a predetermined threshold level of impedance 
for the load in determining whether or not to apply the 
normal electric power supply to the load. For example,
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considering a domestic mains power supply in the UK? the 
threshold may be set to 600 ohms impedance for the load, so 
that the normal electric power supply will only be applied 
if the load impedance to the test voltage or current is 
below 600 ohms. Any human coming into contact with 
conductors connected to the power source via the safety 
apparatus will not cause the normal electric power supply 
to be applied, as the apparatus will be arranged such that 
the impedance of the human body to the test voltage or 
current will be above the 600 ohms threshold level.

Preferably, the apparatus is arranged such that, when 
it is connected to the power source, the test voltage or 
current is available at connection terminals to which a 
load may be connected.

Preferably, a test voltage is applied to the load and 
,,,, the apparatus comprises circuitry responsive to a
..··*  predetermined current threshold level of the current drawn 
....· by the load in determining whether or not to apply the• · ·

normal electric power supply to the load.
:: Preferably, means are provided which are operative····

after the normal electric power supply has been applied to• ■ ,
the load to monitor the electrical power taken by the load, 

....... ; and to remove the normal electric supply from the load if a• ·
.... threshold level is crossed.• · ·

,;· An advantage of an embodiment of the present• ·
: invention is that it can provide protection against shock

occuring by contact with live and neutral conductors 
connected to a power source, as the test voltage or current 
may be applied to live and neutral conductors.

The preferred apparatus can advantageously be 
incorporated at a connection point with the electrical 
power source. For example, the apparatus could be 
incorporated in a domestic mains socket. This would 
provide protection against shock -to, for example, the 
insertion of probes or needles into a potentially live 
socket by a child, as well as pro-tection against shock from 
exposed conductors (e.g. a severed cable) connected to the

I
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power source.
Features and advantages of the present invention will 

become clear from the following description of embodiments 
thereof, by way of example only, with reference to the 
accompanying drawings, in which Figure 1 shows a circuit 
diagram of apparatus in accordance with a first embodiment 
of the present invention.

With reference to Figure 1, reference numeral 1 
generally designates apparatus in accordance with the first 
embodiment of the present invention, which may, for 
example, be incorporated in a domestic power supply socket. 
Conductors 2, 3 are connected to live L and neutral N 
terminals of the power supply. Further conductors 2a, 3a, 
provide connection terminals for a load to be connected to 
the power source via the apparatus 1. Relay RL1 controls 
relay terminals RL1/1, RL1/2, which control connection of 
conductors 2a, 3a to conductors 2, 3 and the power supply.
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Prior to connection of a load, conductors 2a, 3a, are 
connected to a circuit generally designated by reference 
numeral 4, which applies a test voltage to the conductors. 
The circuit 4 is set to be responsive to a current 
threshold value of the current taken by the load under the 
test voltage to actuate the relay RL1 to close the contacts 
RL1/1, RL1/2, to connect conductors 2a, 3a to conductors 2, 
3 and the power source.

Further circuitry, generally designated by reference 
numeral 5, monitors the current taken from the power source 
by the load and is responsive to a current threshold level 
to disconnect conductors 2a, 3a from conductors 2, 3, via 
relay RL1.

In more detail, using a domestic mains supply (UK 
240v, 50Hz) as an example of the power source, the 240v 
input to the socket, plug or adaptor housing the apparatus 
1, is applied to the transformer T2 which has a 5 volt 
output, which is rectified and smoothed by the full wave 
rectifier BRI and capacitor C4. The positive rail of this 
supply is fed to the transmitter of an opto-isolator IC1 
and then via R3 and contact RL1/1 to the live output of the 
socket, plug or adaptor. The negative rail of the 5 volt 
supply is fed via RL1/2 to the neutral output of the 
socket, plug or adaptor.

The opto-isolator IC1 senses the current drawn, by the 
load when the 5 volt output is applied thereto and is 
designed, in conjunction with resistor R3 to respond to 
loads having an impedance of 600 ohms or less, thus the 
transmitter section of the opto-isolator IC1 will not 
respond to impedances higher than 600 ohms, which by 
reference to the IEC publication 479-1 chapter 1, it can be 
seen that it will not respond to contact by the human body 
even if contact is made by firmly grasping electrodes 
between live and neutral with the shortest possible path by 
the human body in circuit.



Ί

When a load having an impedance of 600 ohms or less 
is connected between the live and neutral output terminals, 
the transmitting section of IC1 will conduct and cause its 
triac section to conduct.

This in turn will turn on SCR1 every half cycle via 
R2 and D2. When conducting SCR1 will energise relay RL1 
which will remain energised during the non-conducting half 
cycle by virtue of capacitor C2.

Relay RL1 energises and causes contacts RL1/1 and 
RL/2 to changeover, removing the 5 volt supply from the 
output socket and connecting the electrical power supply 
(e.g. 240V) in its place allowing the appliance to operate.

When the contacts of relay RL1 changeover the triac 
of IC1 ceases to conduct and removes the gate trigger 
voltage from SCR1 this is replaced by the output of T1 
which is a current transformer and provided with an output 
winding adjusted by the variable resistor VR1 in 
conjunction with Cl.DI to respond to a threshold level in 
the power dissipated by the load (for the UK this would be 
96 watts or more) which corresponds to an impedance of 600 
ohms or less at the electrical supply voltage (for the UK, 
240 volts, 50Hz). The live input passes through the 
current transformer T1 to the line output via contact RL1/1 
and monitors the current drawn by the load, thus producing 
the required output in the output winding.

Capacitor C2 also ensures that relay RL1 remains 
energised during the transit time of contacts RL1/1 and 
RL1/2.

The opto-isolator IC1 and the circuit S therefore 
provide a monitoring means which monitors the impedance of 
the load, both during operation of a load of less than 600 
ohms and upon application of the 5 volt test voltage 
following connection of the apparatus to a load.

f
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It can be seen that in the case of the socket 

supplying a portable appliance such as a lawn mower and 

its supply cable being severed, the load current will 

cease and relay RL1/2 will revert to its de-energised 

position, its contacts reconnecting the 5v supply.

Protection against shock from the electrical 

power supply (e.g. 240V) is thus advantageously provided 

in the following case.

1. In the case of the socket output being exposed 

either by a broken plug or the insertion of metal 

object into the socket, provided an additional load 

which exceeds the threshold power level (e.g. 96 watts) 

is not also being drawn at the same time.

2. In the case of live, or neutral or both 

conductors being severed.

3. In the case of an appliance being switched off 

but not isolated before exposing live conductors or 

parts .

4. In the case of the conductors being exposed 

but not severed provided the appliance is switched off 

protection is again provided.

The neon N in Figure 1 warns when the 

electrical power supply (e.g. 240V) is present at the 

socket.

A flag indicator could also be mechanically 

fitted to relay RL1 to indicate when its contacts where 

in the position where the electrical power supply (e.g. 

240V) is connected.
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It can be seen that each time a load 

(electrical appliance) is disconnected from the safety 

apparatus (or electrical socket incorporating the 

apparatus) the impedance "seen" by the output terminals 

of the apparatus exceeds the threshold of 600 ohms so 

the relay RL1 will revert to its de-energised position 

and, the 5V supply will be reconnected to the output 

terminals of the apparatus. The relay is likewise de­

energised if power is switched off at the electrical 

socket. This ensures that the 5V supply always appears 

at the output of the apparatus each time that a new 

appliance is connected/plugged-in, and in the event that 

the impedance of the load changes while the electrical 

power is switched off at the electrical socket.

Further protection against shock may be 

provided by utilising an earth leakage circuit breaker 

in conjunction with apparatus in accordance with the 

first embodiment of the present invention. , . ·

Referring to Figure 2, a second embodiment\of ' 
\3e__

the present invention is shown wherein the apparatus), in 

addition to protecting against connection to a human 

body, further provides protection against short circuit 

of the output terminals of the apparatus.

To enable an unsophisticated relay to be used, 

the circuit illustrated in Figure 2 prevents the relay 

RL1/2 energising when the load presented has a d.c. 

resistance of less than 2 ohms and greater than 600 ohm, 

thereby reducing the short circuit current which can 

flow through the contacts of relay RL1/2 to less than 

120 Amps at a mains supply voltage of 240V a.c. This 

amperage is within the operating capacity of most power 

relays conventionally used in electrical safety and 

protection circuit applications.

In Figure 2, viewing the circuit from left to 

right, the circuit to the left of and including

L
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capacitor C3 essentially corresponds to the circuit to 

the left of and including capacitor C4 in Figure 1 and 

the function of this part of the circuit is the same in 

each case.
Variable resistor VR1 in conjunction with R2

and R3, acts as a potentionmeter from which a pre­

determined voltage is applied to a first input of IC1/B. 

Likewise variable resistor VR2, in conjunction with R4 

and R5, taps a pre-determined voltage which is applied 

to a first input of IC1/A. The values of the voltages 

set by VR1 and VR2 correspond to the value of resistance

current (Imax) and by the 

flows through resister R7. 

that which would flow in a 

ohms when a voltage equal

240 V a.c.

Similarly, the current

R7 multiplied by the maximum 

minimum current (Imin) which 

The current Imax is equal to 

load having a impedance of 2

to that of the electrical power source (e.g. 

for the UK) is applied to it.

Imin is equal to that which would flow in a load having

a impedance of 600 ohms when a voltage. equal to that of 

the electrical power source is applied to it, so for a 

240V supply, Imin=400mA and Imax=120A.

In the circuit shown in Figure 2, IC1/A and

IC1 /B behave as a voltage comparator whereby on 

connection of a load between the Live (L) and Neutral

(N) conductors of the output, a current flows through 

the load and through resistor R7, causing a voltage 

(V36) to develop at pins 3 and 6 of IC1.

If the voltage V36 lies between the values of 

voltage set by VR1 and VR2 then IC1, which is normally 

in an ON state, will turn OFF allowing current to flow 

through the opto-islolator IC2. Consequently, current 

will flow via D3 and energise the relay RL1/2 as 

described with reference to the first embodiment of the 
invention.
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-τ> r-an -hp +Pr>»yVi f the load impedance is

less than two ohms or greater than 600 ohms then IC1 

will not turn OFF so that opto-isolator IC2 will not 

turn on its triac and the relay RL1/2 will not energise. 

Therefore the electrical power source will not be 

connected to a load having an impedance of less than 2 

ohms (including a short circuit), or greater than 600 

ohms (such as a human body) appearing at the L and N 

terminals of the output.

Once the electrical power source has been 

connected to a suitable load, a low d.c. voltage is 

derived from transformer T2 to maintain energisation of 

relay RL1/2 (to connect the electrical power source to 

the load) in a similar manner to the first embodiment of 

the invention.

If the impedance of the load (Z Load) changes 

during operation of the load (appliance) to a valve 

which is outside the range 2 ohms < Z Load < 600 ohms, 

then IC1 is switched ON, thereby turning IC2 OFF and 

consequently de-energising the relay RL1/2 to disconnect 

the load from the electrical power source.

The apparatus according to two embodiments of 

the invention has been described specifically in 

relation to a two conductor (live and neutral) 

situation. Three or more conductors could be used with 

the present invention.

Rather than connecting or disconnecting a 

power source to output terminals, as has been described 

in relation to the specific embodiments, the present 

invention could be act to adjust electrical power 

supplied by a variable power supply, depending on the 

response of the load to the test voltage or current.

The "normal" electric power supply, refers to 

the standard supply used with loads generally connected 

to the particular power point concerned. For example
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for the UK this would be 240v, 50Hz.

The specific embodiments of the present 

invention have been described which use a 240V power 

source and test voltages of 5V and 9V. Other power 

source voltages and test voltages may be used.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

An electrical safety apparatus arranged to be 
connected between an electrical power source and a load, 
comprising:

control lab?, e connection means transferable between a
first condition, in which the electrical power source is 
connected to the load, and a second condition:

means for applying a low voltage, which is less than 
the voltage of electrical power source, to the load when 
said connection means is in the second condition;

monitoring means for monitoring the impedance of the 
load and for preventing the connectipn means

taeArACk to o-C ncx \v\
from .said—second—conditfcea==fee aid first condition when 
said load impedence is indicative of the presence of a 
human being;

activation means responsive to the monitoring means, 
for controlling said connection means; characterised in 
that the monitoring means includes sensing means for

.......: directly sensing the current drawn by the load when said• ·

...... low voltage is applied thereto, and means for indicating
···

the presence of a human being when the current sensed by• ·
• ** the sensing means lies below a predetermined threshold

value.• ·
2. An apparatus according to claim 1, wherein:

said predetermined threshold level of the current 
corresponds to a predetermined threshold impedance value 
which is substantially less that the impedance of the human 
body.
3. An apparatus according to claim 1 or 2, wherein:

the monitoring means causes the activation means to 
transfer said connection means from said second condition 
to said first condition when the monitoring means 
determines that the impedance of the load is less than said 
predetermined impedance threshold value.
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• ·

• ·

• · · · 
• ·
• ·

An apparatus according to claim 1, 2 or 3, wherein: 
when the apparatus is connected to the electrical 

power source, and before the apparatus is connected to the 
load, the connection means is arranged to be in said second 
condition.
5. An apparat’· - according to any one of claims 1 to 4, 
wherein: the connection means includes a switching means, 
the switching means having one pole connected to each 
terminal of the load,

the switching means having associated with each pole, 
a plurality of positions, including a first position, 
corresponding to said first condition, and a second 
position, corresponding to said second condition.
6. An apparatus according to any one of the preceding 
claims, whjre in the monitoring means further includes:

power monitor means, in co-operation with the 
activation means, for monitoring the power supplied to the 
load when the electrical power source is connected to the 
load.
7 . An apparatus according to claim 6 wherein the 
monitoring means includes means operable when the 
electrical power source is connected to the load for 
causing the activation means to activate the connection 
means to disconnect the electrical power source from the 
load when the power monitor means determines that the power 
supplied to the load has reached a predetermined power 
threshold level.
8. An apparatus according to claim 7, wherein:

the power monitor means includes 
power threshold detection means which 

activation means to activate the connection 
disconnect the electrical power source from 
the power monitor means determines that the
supplied to the load has decreased to a predetermined power
threshold level fixed by said power threshold detection
means .

causes the
means to
the load when
power being



15

9. An apparatus according to claim 7 or 8, wherein: 
activation of said connection means causes the

switching means to switch from the first position to the 
second position.
10. An apparatus according to any one of the preceding 
claims, wherein:

the predetermined impedance threshold level is 600 
ohms or less.
11. An apparatus according to any one of claims 3 to 10, 
wherein:

the predetermined current threshold level is greater 
than or equal to the current which could flow in an

·.··, impedance of 600 ohms when a voltage equal to that of said
• : ■ 

electrical power source is applied thereto.• ■ :
12. An apparatus according to any one of claims 7 to 11,

• ·
wherein:• ·

the predetermined power threshold level is less than• · ·
* or equal to the power which would be drawn by an impedance 

of 600 ohms when a voltage equal to that of said electrical 
·;···· power source is applied thereto.
.··;·. 13. An apparatus according to any one of the preceding
··' claims, wherein:
• 0 *• · · ·
* the apparatus further comprises

,, comparator means, in co-operation with the monitor• · ·
’·!··’ means, for activating and de-activating the monitor means. 
'·* ’ · 14. An apparatus according to claim 13, wherein:

the apparatus further comprises
first preset means for supplying a first 

predetermined limiting value to the comparator means, 
second preset means for supplying a second 

predetermined limiting value to the comparator means, and 
indicator means connected to the terminals of the 

load and in co-operation with the comparator means, for 
supplying, an indicator value to the comparator means.
15. An apparatus according to claim 14, wherein:

when the indicator value lies between the first
predetermined limiting value and the second predetermined
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limiting value the comparator means activates the monitor 
means, the monitor means thereby causing activation of the 
means to connect the electrical power source to the load.
16. An apparatus according to claim 14 or 15, wherein: 

when the indicator value lies outside the range
prescribed by the first predetermined limiting value and 
the second predetermined limiting value the comparator 
means de-activates the monitor means, the monitor means 
thereby causing de-activation of the connecting means to 
disconnect the electrical power source from the load.
17. An apparatus according to any one of claims 14 to 16, 
wherein: the first and second predetermined limiting

.····. values, and the indicator values, are electrical currents.
18. An apparatus according to claim 17, wherein:

;··/ the first predetermined limiting value is a current
equal to that which would flow in an impedance of about 600 
ohms when a voltage equal to that of the electrical power··· ■ :

" source is applied thereto; and
the second predetermined limiting value is a current 

·;···· equal to that which would flow in an impedance of about two 
.··;·. ohms when a voltage equal to that of the electrical power ·· · ■ :

source is applied thereto.• β··..' : . :
* 19. An apparatus according'to any one of claims 14 to 16, 

,. wherein:
the indicator means comprises a resistor; and the 

*· · first and second predetermined limiting values, and the
indicator value, are voltages.
20. An apparatus according to claim 19, wherein:

the first predetermined limiting value is a voltage 
equal to that developed across the indicator means when a 
current flows therein which has a value equal to the 
voltage of the electrical power source divided by 600 ohms; 
and

the second predetermined limiting value is a voltage 
equal to that developed across the indicator means when a 
current flows therein which has a value equal to the
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voltage of the electrical power source divided by 2 ohms.
21. An apparatus according to any one of claims 14 to 16, 
wherein:

the first preset means and the second preset means 
comprises a voltage divider.
22. An electrical apparatus according to any one of 
claims 14 to 16, wherein:

the comparator means comprises an integrated circuit.
23. An apparatus according to any one of claims 7 to 22, 
wherein:

the power monitor means includes a current
transformer.
24. An apparatus according to any one of claims 9 to 23, 
wherein:

the power threshold detection means includes a 
capacitor connected in parallel with a variable resistor 
and with a diode.
25. An apparatus according to any one of claims 4 to 24, 
wherein:

·;···; the switching means comprises a relay.
;'*·*:  26. An apparatus according to any one of the preceding

• ®
;·. claims, wherein:» · · a

the electrical power source comprises a domestic 
.. mains supply.• · ·

27. An apparatus according to any one of the preceding 
claims, wherein:

the sensing means comprises an opto-isolator.
28. An apparatus substantially as herein described with 
reference to the embodiment in the accompanying drawing.

DATED THIS 15TH DAY OF JULY, 1991 
B & R ELECTRICAL· PLC
By Its Patent Attorneys: 
GRIFFITH HACK & CO. ,
Fellows Institute of Patent 
Attorneys of Australia
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