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The invention concerns a method for protection of an electrical installation against series fault. The method comprises detection of
heat development at specific points in the installation by means of individual sensor/switch units connected to the installation and interruption
of the current supply to the installation when the heat development exceeds a given threshold. The invention also concerns a system for
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Method and system for series fault protection

The invention concerns a method and a system for protection of an electrical
installation against series fault.

Series fault arises in a loaded electric circuit when a deficient
contact/connection occurs. This deficient contact/connection may be caused
by poorly secured terminals, oxide coating on the conductors, conductors
which have loosened slightly due to mechanical strain, etc. Series fault often
occurs in sockets and plugs.

The consequence of series fault is an increase in the electrical resistance and
thus also the power at the fault location, the power P being expressed by:

P=RI2

where R is the electrical resistance at the fault location, and I is the current
intensity.

As a rule the resistance at the fault location is low compared to the load
resistance in the circuit. As a result the system behaves like a current
generator, i.e. the current through the fault location is constant even though
the transition resistance increases. The power development as mentioned
above will therefore increase proportionally with the transition resistance.
The power causes the fault location to heat up.

Series fault can also lead to the formation of an electric arc at the fault
location. Due to the current generator behaviour the heating of the fault
location, and possibly the formation of the electric arc will continue as long
as the fault location is supplied with current. Thus there is a high risk of fire
when a series fault occurs. The situation is particularly critical in countries
where buildings are normally of wood, such as in Norway amongst other
places. Since wood is easily ignited the fire risk will increase.

Series fault is difficult to detect. Due to the current generator behaviour the
fault will not lead to current increase. Nor will the fault be perceived by the
system as an earth fault. Thus conventional protection means will not react to
series fault.

Attempts have been made to develop an electronic series arc protection in
order to detect interference in specific signals when an electric arc occurs.
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This has proved to be very difficult, since the equipment is unable to
distinguish between interference caused by electric arcs and other "non-fault"
phenomena, such as sparks from brush motors (vacuum cleaners, hair dryers,
etc.). Moreover, the equipment is assumed to be highly expensive, and it is
therefore not easy to make it's use obligatory.

In GB-A-2.156.154 there is disclosed a fire alarm system consisting of
temperature sensors which are arranged at various locations in a house. The
sensors are connected by means of a low voltage system. Each sensor
consists of a closed receptacle containing an open contact, and when a
specific temperature threshold is exceeded the contact will close, activating
an alarm. The system will issue a warning that a fire has started, which can
be regarded as a first step in protection, but it will not, however, remove the
cause of the fire automatically on detection, and is therefore not satisfactory
with regard to safety. The system includes a separate low voltage system,
which entails installation and maintenance costs, and which has to be
checked regularly to ensure that it will work when needed. It will only be
possible to change the system by changing the low voltage system, and this is
a very cumbersome process. For these reasons the safety and cost-efficiency
when using this known system cannot be considered to be satisfactory.

US-A-5.627.719 discloses a system for protection of an electrical installation
against faults which result in a temperature increase in parts of the system,
but which are not sufficient to trigger the safety devices. A sensor line which
runs parallel to the current supply cables is connected to different devices in
the installation. The sensor line consists of a wire of a material which melts
at high temperature, where one end of the wire is connected to earth and the
other end is connected to a control circuit which opens the closest switch
when a fault is detected. The sensor line and the switch which is opened are
connected via a control circuit. The system succeeds in stopping the current
supply to the fault location when a fault is detected. However, since the
system is continuous and requires a separate line installed along the
installation, it will have many of the same disadvantages as the system
referred to in GB-A-2.156.154, i.e. high installation and maintenance costs
and lack of flexibility. In addition to this it will be impossible to determine
accurately at which points in the installation the detection should take place,
e.g. where sockets and plugs are located, since the risk of series fault is
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greatest at these points. This system therefore does not provide a satisfactory
protection.

The object of the invention is to solve these problems in a reliable, simple
and cost-effective manner.

The invention concerns a method for protection of an electrical installation
against series fault, comprising the detection of heat development at specific
points in the installation by means of individual sensor/switch units
connected to the protected installation and the interruption of the current
supply to the installation when the heat development exceeds a given
threshold.

The invention also concerns a system for protection of an electrical
installation against series fault. The system comprises individual
sensor/switch units with heat development sensors arranged at specific
protection points in the installation and connected thereto, and a switch
arranged between the installation and its current supply, together with control
means between the heat development sensors and the switch, with the result
that when a specific threshold for heat development detected by the heat
development sensors is exceeded, this leads to the opening of the switch.

The principle behind the invention is that there is only a limited number of
locations in a building where the series electric arc can arise, and therefore it
is sufficient to provide sensor/switch units in these locations. The potential
fault points are located at contact connections in wall/roof boxes, screw
terminals, plug connections and particularly in plugs/sockets.

The system according to the invention therefore consists of individual units
which are connected to the current supply network.

At the locations concerned there are installed sensors which register heat
development and which set a heat development limit lying well below
dangerous ignition temperatures, but with a good margin over a temperature
which may occur during normal operation. For use with 230V network in
houses, a heat development threshold may be selected corresponding to a
temperature of around 60°C to 70°C.

Unlike the known systems, no special network is required for connecting the
sensors. A cheap and highly flexible solution is thereby provided, since when
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extending the installation it will be sufficient to connect sensor/switch units
at the new points to obtain protection thereof.

In an embodiment of the method according to the invention the fault point
concerned will be connected to earth on detection of heat development which
exceeds the threshold. This will result in an earth fault and interruption of the
current supply to the installation will be effected by means of an earth
leakage circuit breaker arranged between the installation and the connected
current supply.

For this purpose the sensor/switch unit's control means comprises at least one
normally open contact provided between each protection point and earth and
a control connection between the heat development sensor and the contact,
with the result that when a specific threshold for heat development is
exceeded, the contact will be closed, resulting in an earth fault, and the earth
leakage circuit breaker will be opened.

In this preferred embodiment of the invention the sensor unit will create an
earth connection via a resistor of approximately 3kQ which will give a fault
current to earth of over 30mA. This current value will cause an earth leakage
circuit breaker at the current supply to be disconnected.

The resistor should be of the type which burns off in a controlled manner in
the event of continuous overload. Thus the earth fault will cease after a
certain period of time. The idea of this arrangement is to provide further
safety in the system if it is installed in an installation without an earth
leakage circuit breaker. In such an installation where the current supply is not
automatically interrupted when an earth fault is detected, the current to earth
can lead to heat development in the earthing resistor and thereby to the risk
of fire. As mentioned above, this problem is avoided by using a resistor
which burns off in a controlled manner after a certain time.

The disconnection of the current supply will take place independently of
where in the building the fault occurs. When a fault has occurred, it will be
searched for in the same way as for an earth fault, the part causing the heat
development will be replaced and the sensor/switch unit will be replaced by a
new one.
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In a further preferred embodiment the sensor/switch unit consists of a
transparent container with a helical spring which forms the normally open
contact and one end of which is in contact with the protection point and the
other end presses against an insulating fusible body which forms the heat
development sensor, with the result that when a specific threshold for heat
development is exceeded the fusible body will melt and the contact will be
closed. The transparent container permits easy inspection of the unit.

The dimensions of the finished product according to this embodiment of the
invention are approximately 3mm pipe diameter and approximately 30mm
length.

In current supply networks where the network's neutral point is insulated (IT
network), as is the case in the Norwegian supply network, a continuous earth
fault may occur on one phase. The earth fault phase will thus have very low
voltage, while the other phases in compensation receive full phase voltage to
earth.

If the sensor/switch unit is connected between earth and a phase which is
close to earth potential, the sensor will pass a very low current to earth when
activated. The unit's reliability is reduced, since it is uncertain whether the
protecting device (the earth leakage circuit breaker) will be triggered.

In this case the sensor/switch unit will be connected between earth and two
phases by means of a connection circuit (diodes and safety resistors), and not
between earth and one phase as in the previously mentioned embodiments.
This will ensure that, even though there is a standing earth fault on the
network in one phase, current will still pass in the other phase when the
switch is closed, and the earth leakage circuit breaker will be triggered.

In current supply networks where the neutral point is earthed, there will
always be voltage between one phase and earth. In this case the invention can
be employed in its simplest embodiment, i.e. without a connection circuit for
connecting two phases to the sensor.

The invention provides a cheap, simple and reliable protection. It is a "once-
only protection", which can easily be replaced when it has been activated.
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The units are independent of one another, they are supplied with current by
means of the phase conductors. This has the advantage that the installation
and maintenance costs for the whole system are substantially reduced.

Detection of the heat development leads to rapid and safe action: stopping of
the current supply.

It is also a simple matter to zero the system after the activated unit has been
removed.

The invention will now be described in more detail by means of the
accompanying drawings, in which:

fig. 1 illustrates a circuit in which a series fault arises;

fig. 2 is a principle drawing of the invention;

fig. 3 illustrates an embodiment of the sensor/switch unit;

fig. 4 illustrates the connection circuit for use of the sensor in an IT network.

Fig. 1 illustrates a circuit in which a series fault arises. The circuit consists of
two phase conductors L1 and L2, both of which in a normal current supply
network will have a voltage to earth. The circuit supplies a load L. At a point
a in one phase conductor a series fault arises, with a transition resistance
which is low in relation to the load. The system acts like a current generator
and the current does not decrease even though the transition resistance (and
the associated heat development) increases.

Fig. 2 is a principle drawing of the invention. The system according to the
invention consists of individual units 1 with two contacts, one to the
protection point (reference numeral 2) and one to earth (reference numeral
4). The contact to earth is effected through a resistor 5. A heat development
sensor 3 is arranged between the contacts' free ends. If heat develops over a
specific threshold the sensor will melt or alter its state in another way,
causing the contacts' free ends to be joined together. This will lead to
earthing of the protection point and the installation's earth leakage circuit
breaker (not shown) will be triggered. The energy supply to the fault location
is thereby interrupted.
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Fig. 3 illustrates an embodiment of the sensor/switch unit. The unit 1 consists
of a container which is insulating and preferably transparent with a helical
spring 2, one end of which is in contact with the protection point b and the
other end of which presses against an insulating fusible body 3, which forms
a part of the heat development sensor. At the end which is not in contact with
the helical spring the fusible body 3 abuts against a contact plate 4 in
conducting contact with the earth conductor through a resistor 5.

In the event of heat development the fusible body 3 will melt, the contact
consisting of the helical spring 2 and the contact plate 4 will be closed, and
the protection point b will come into contact with earth through the resistor
5. The installation's earth leakage circuit breaker (not shown) will be
triggered and the current supply to the installation will be interrupted.

If the current supply network is of the IT type, with insulated neutral
conductor, it will be necessary to employ a connection circuit between the
phase conductors and the sensor/switch unit.

This is illustrated in fig. 4. The figure shows the same switch/sensor unit
illustrated in fig. 2, but in this case one end of the helical spring 2 is
connected to two phase conductors L1 and L2, through diodes and safety
resistors. The object of this is to make it possible to detect series faults even
though one of the phases has a continuous earth fault and consequently low
voltage.

As can be seen from the above description, the method and the system
according to the invention will provide a cheap and reliable protection.

The system employs the existing installation and has few loose parts. The
units are inexpensive to produce.

Even though the invention has been described in connection with use in a
house, it can be used in other environments, and with other voltage levels.

The design of the sensor/switch unit will vary with the different applications.
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8
PATENT CLAIMS
1. A method for protection of an electrical installation against series
fault,

characterized in that it comprises the detection of heat development at
specific points in the installation by means of individual sensor/switch units
connected to the installation and the interruption of the current supply to the
installation when the heat development exceeds a given threshold.

2. A method according to claim 1,

characterized in that on detection of heat development which exceeds the
threshold, at least one phase is connected to earth at the point concerned, thus
causing an earth fault and that interruption of the current supply to the
installation is effected by means of an earth leakage circuit breaker provided
between the installation and the connected current supply.

3. A method according to claim 2,

characterized in that in IT networks with insulated neutral point, on detection
of heat development exceeding the threshold at least two phases will be
connected to earth at the point concerned, thus causing an earth fault even
though one of the phases has a continuous earth fault and that interruption of
the current supply to the installation is effected by means of an earth leakage
circuit breaker provided between the installation and the connected current

supply.

4. A system for protection of an electrical installation against series fault,
characterized in that the system comprises individual sensor/switch units
connected to the installation with heat development sensors provided at
specific protection points in the installation, and a switch arranged between
the installation and its current supply, together with control means between
the heat development sensors and the switch, with the result that exceeding a
specific threshold for heat development detected by the heat development
sensors controls the opening of the switch.

5. A system according to claim 4,

characterized in that the switch is an earth leakage circuit breaker and that
the sensor/switch unit's control means comprises at least one normally open
contact arranged between at least one phase and earth at each protection
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point and a control connection between the heat development sensor and the
contact, with the result that when a specific threshold for heat development is
exceeded the contact will be closed, causing an earth fault, and the earth
leakage circuit breaker will be opened.

6. A system according to claim 3,
characterized in that the system further comprises a connection circuit for
connecting the sensor/switch unit between two phases and earth.

7. A system according to claim 5,

characterized in that the sensor/switch unit consists of a transparent container
with a helical spring which forms the normally open contact and one end of
which is in contact with the protection point and the other end of which
presses against an insulating fusible body which forms the heat development
sensor, with the result that when a specific threshold for heat development is
exceeded, the fusible body will melt and the contact will be closed.

8. A system according to one of claims 5-7,
characterized in that it further comprises a resistor arranged between the
normally open contact and earth.

9. A system according to claim 8,
characterized in that the resistor's value is approximately 3kQ.

10. A system according to claim 9,
characterized in that the resistor is of the type which burns off in a controlled
manner in the event of continuous overload.

11. A system according to claim 7,
characterized in that the container is approximately 30mm long and has a
diameter of approximately 3mm.



WO 99/33155 PCT/NO98/00388

n e

L, L ’

|-
D
l”——r::—
O
s
D

N )

(6.1

i



WO 99/33155 PCT/NO98/00388
2 /2




1
INTERNATIONAL SEARCH REPORT

International application No.

PCT/NO 98/00388

A. CLASSIFICATION OF SUBJECT MATTER

IPC6: HO2H 5/04, HO1H 37/76

According to International Patent Classification (IPC) or to both national classification and I1PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by

IPC6: HO1H, HOZH

classification symbols)

SE,DK,FI,NO classes as above

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 4858054 A (F.F. FRANKLIN), 15 August 1989 1-11
(15.08.89), column 13, line 57 - column 14,
line 64, figures 5,6

A DK 293/93 L (E. GEERTSEN), 9 December 1994 1-6
(09.12.94)

A DE 3229020 Al (KARL PFISTERER ELEKTROTECHNISCHE 1-11
SPEZIALARTIKEL GMBH & CO KG), 9 February 1984
(09.02.84), figure 2, abstract

A GB 2156154 A (E.G.H. READ), 2 October 1985 7-11
(02.10.85), figure 2, abstract

D Further documents are listed in the continuation of Box C. D(] See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
npw ; b - date and not in conflict with the application but cited to understand
| state of the art which is not considered g pplic .
A ?5;‘;";?";;;‘2:}?::23::::3 4 hisn nsdere the principle or theory underiying the invention
“E” erlier document but published on or afler the international filing date “X” document of particular relevance: the claimed invention cannot be
wy . ; ioh i sidcred novel or cannot be considered to involve an inventive
L. document which may throw doubts on priority claim(s) or which is const
cited to establish the publication date of another citation or other Step when the document 15 taken alone
special reason (as specified) "Y" document of particular relevance: the claimed invention cannot be
“0O” document referring to an oral disclosure, use, exhibition or other considered to involve an inventive step when the document is
means co;nbmed.\mh one or more pmer such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&" document member of the same patent family

Date of the actual completion of the international search

29 April 1999

Date of mailing of the international search report

03 -05- 1999

Name and mailing address of the ISA{

Swedish Patent Office
Box 5055, S-102 42 STOCKHOLM

Facsimile No. +46 8 666 02 86

Authorized officer

Bertil Nordenberg
Telephone No.  +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

07/04/99 | PCT/NO 98/00388
Patent document Publication Patent famnily Publication

cited in search report date member(s) date
US 4858054 A 15/08/89 NONE
DK 293/93 L 09/12/94 NONE

DE 3229020 Al 09/02/84 SE 449412 B,C 27/04/87

SE 8304201 A 05/02/84
GB 2156154 A 02/10/85 NONE

e s 0 e s e S T S T S €20 G B G el B B G e o " e S BT et . S . T S S ot o (ol o P S S o S - - — T - - o

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

