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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:

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
izzi an?tigﬁ\prevg&;iggbiiiizfjjjjf?th%aggggsgtlgzwmeans

3atd=seeg§é=eeaét£¢ea=£o irst condition when

said load impedence is lndlcatlve 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 mearns lies below a predetermined threshold
value.
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(57) Abstract : !

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 S
against shock from exposed conductors (e.g. the severed cable; of an electrical appliance) connected to the power source. When S
the apparatus is connected to an electrical power source and then connected to a load, the apparatus first applies a low test vol- L
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 conrected to a load of sujt-
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 suppiy.

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 conductcrs of a cable connected to a mains
power supply there may be no current tc earth, and the
elcb will provide no guard against shock 2o 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

iy
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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 bréakér employs a
relay to connect and diScoﬁnect an electrical power
source and a load (appliance), it is necessary for the
relay to operate each time the appliance:in use 1is
switched on and consequently must withstand accidental
short circuic conditions when energised. The relay'mdst
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 poésibility 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 curreht_fd.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 é.c. veltage supply source to be disconnected
from the connecting cabl:. 1In 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) beihg connected'to;the.connecting




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

we.. first condition, in which the electrical power source is

:".. connected to the load, and a second condition:

",f means for applying a low voltage, which is less than

t ¢ ¢ 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 txenefer—of the connection means

ceina rownsSess bo or ext@=\ng \n

vevess from-eaidgéeeeaé=eeaéé£éea*%e said first condition when

L,: 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

°r°€ 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,




considering a démestic mains powex 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 impedahce of the human body to the test voltage or
current will be above the 600 ohms threshold level. _

Preferably, the ap_par_atus 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 detemining whethexr or not to apply the
normal electric power supply' to the load. 7 _

"Preferably, means are provided which are operative
after the normal electric powei: s.upply 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 agéinst shock
occuring by contact with live and mneutral conductors
éon'nected 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 ekample, the
insertion of probes or needles into a potentially live
socket by a child, as well as protéction against shock from
exposed conductors (e.g. a severed cable) connected to the




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.

s R
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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. A :
The circuit 4 is set to be responsive to a current
threshold value of the current taken by the load under the

E test voltage to actuate the relay RL1 to close the contacts
RL1/1, RL1l/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
H 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 BR1l 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

vennal supply is fed via RL1/2 to the neutral output of the
Jeeee socket, plug or adaptor.
E:L' The opto-isolator IC1 senses the current drawn by the

o load when the 5 volt output is>applied thereto and is
designed, in conjunction with resistor R3 to respond to
e loads having an impedance of 600 ohms or less,; thus the

i

transmitter section of the opto-isolator ICl will rnot
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

I £t A I B AT U2 IS A s SN O
CEREETO iz S o o
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even if contact is made by firmly grasping electrodes
between live and neutral with the shortest possible path by
the human body in circuit.
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When a load having an impedance of 600 ohms or less
is connected between the live and neutral output terminals,
the transmitting section of IC1l will conduct and cause its
triac section to conduct.

This in turn will turn on SCR! 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 IC1l ceases to conduct and removes the gate trigger
voltage from SCR1 this is replaced by the output of T1
cove which is a current transformer and provided with an output

T T

feees’ winding adjusted by the variable resistor VRl in

conjunction with Cl1.D1 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 ICl 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.

e
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It can be seen that in the case of the socket
supplying a portable applianée 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 béing drawn at the same time.

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

- conductors being severed. ! L

socket.

3. In the case of an appliance being switched off
but not isolated before exposing live conduétois or
parts.
4. In the case of the conduétors beihg‘exposed
but not severed provided the appliance is switched off
protectioh is again provided. | |

The neon N in Figure 1 warns when the
electrical power supply (é.g. 240V) is bresent at the

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 1is 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. (vtk;ekbum\)
Referring to Figure 2, a si§823r?mbod1ment>9f
the present invention is shown wherein the apparatu%L 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
amperaje 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

i AR -
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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
R7 multiplied by the maximum current (Imax) and by the
minimum current (Imin) which flows through resister R7.
The current Imax is equal to that which would flow in a
load having a impedance of 2 ohms when a voltage equal
to that of the electrical power source (e.g. 240 V a.c.
for the UK) is applied to it. Similarly, the current
Imin is egual 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 ICt.

If the voltage V3g lies between the values of
voltage set by VR1 and VR2 then IC1, which is normally
in an CN 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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less than two ohms or greater than 600 ohms then ICI
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 < 2 Load < 600 ohms,
then IC1 is switched ON, thereby turning IC2 OFF and
conseqguently 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

PCT/GB89/00560
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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:

controllab’le 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

cese load and, for preventlng ££at:§e€§§£ the cpnnectlon means
%;3: from saészigeg§é=ég§§;§§§§:;e said flr;%KE%ndl aﬁ\when
eens said load impedence is lndlcatlve of the presence of a
*.*..*  human being;
HE activation means responsive to the monitoring means,
:"*+  for controlling said connection means; characterised in
) that the monitoring means includes sensing means for
eseses directly sensing the current drawn by the load when said
,s*es,  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 threshola 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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4. 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‘apparatv. 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, wh.re 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 predetermlned power
threshold level
8. An apparatus according to claim 7, wherein:

the power monitor means includes

power threshold detection means which causes 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 being
supplied to the‘load has decreased to a predetermined power

threshold level fixed by said power threshold detection
means. |

ot v, T
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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 =squal 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:

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, whefein:

the apparatus further comprises

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

second preset means for supplving 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 wvalue 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 moniitor 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 ahy 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 thé electrical power
source is applied thereto.
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
¢urrent flows therein which has a value equal to .the
voltage of the electrical power source divided by 600 ohms;
and - | -

the second predetermined limiting vaiue is a voltage
equal to that developed across the indicator means when a
current flows therein which has a wvalue equal to the
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voltage of the electrical power sourcé divided by 2 ohms.
21. An apparatus éccording 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
tfansformer.
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: o : _

the switching means comprises a relay. -
. 26. An apparatus according to any one of the preceding
" claims, wherein: )

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




B e S Y 70 e Fusrrv D eI

240V
N

N

. )
= 2

-

]
Gl
TR

LYL11/68 OA

09€00/6849/10d




SR ~ ANNEX TO THE INTERNATIONAL SEARCH REPOKT |
- ON INTERNATIONAL PATENT APPLICATION NO.  per/GB 89/00560

SA 28952

"This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report.
The members are as coitained in the Suropean Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpise of ixnformqtiotl. 28/08/89
| (—' Patent document - Publication Patent family [ Publication
; , cited in search report date xxnclllbcr(s) date
| :
W0-A-8602500 24-04-86 EP-A- 0229044 . 22-07-87
DE-A-3343270 05-06-85 None
US-A-2789255 None

EP-A-0096915 28-12-83 JP-A- 58218818 - 20-12-83
‘ - NL-A- 8202259 02-01-84
US-A- 4523248 11-06-85

- e e e o e e e e ek e e S e o e ot o e e e e e e e e s et e e e ey S i e e o Ok e e e T T T T T — —

EPO FORM PO<79

For morc details about this annex ¢ sce Qficial Journal of the Furapean Patent Office, No. 12/82




